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STATUS OF CLAIMS: 

Claims 1 and 2 are the subject of the present appeal, and both claims 1 and 2 

stand finally rejected in the July 5, 2006 Office Action. 

The only other pending claim of the application is claim 3, which has been 

objected to, and stated to contain allowable subject matter if rewritten In Independent 

form. Claim 3 is therefore not included in the present appeal. 
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Claims 4-15 have been cancelled. No other claims have been present during 
prosecution. 

STATUS OF AMENDMENTS: 

No Amendment was filed subsequent to the final rejection, 
SUMMARY OF CLAIMED SUBJECT MATTER: 

Claim 1, the only independent claim on appeal, is reproduced below with 
exemplary citations to the drawings for the claim elements therein. 

1. A sealed component for a magnetic resonance imaging scanner 
comprising: 

cured sealing compound (3) carrying at least one RF coil and at least one 
gradient coil for magnetic resonance imaging (p. 1, I. 8-10); and 

an actuator module (9) comprising an actuator (10) for active noise control 
during said magnetic resonance imaging, said actuator having opposite 
ends, two holding elements (11, 12) respectively rigidly fastened to the 
opposite ends of the actuator, two actuator receiving elements (1,2) 
respectively fastened to the two holding segments (11, 12), said two 
actuator receiving elements (1, 2) being embedded in the cured sealing 
compound (3) with a spacing between said two receiving elements, 
and each of said two receiving elements having a fastening segment 
(4, 5) that protrudes into a recess (6) in the sealing compound (3). 

The claims on appeal relate to sealed components, in particular carrying RF 
coils and gradient coils for MRI scanners, wherein actuators for active noise control 
are employed, (p. 1, 1. 8-10) 
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Gradient coils in MRI scanners generate magnetic fields that are variable in 
time and In amplitude. They are operated inside a static basic magnetic field, i.e., in 
a basic field magnet. Here, dynamic Lorentz forces act on the gradient coil 
conductors, exciting vibrations in the structure thereof. This results in the production 
of significant noise during the operation of the scanner, (p. 1 , I. 12-17) 

In order to actively reduce the production of noise, or the intensity of vibration, 
by a gradient coil, it is known to install actuators (e.g., piezoceramics, 
magnetostrictive actuators, or the like) at suitable eigenmode-specific locations that 
during operation generate a counterforce to the Lorentz force of the gradient coil. In 
this way, in theory a 30 dB reduction in the vibrational amplitudes is quite realistic, 
(p. 1,1. 18-22) 

It is a difficult technical problem to create suitable fastening points for the 
actuators, which enable a transmission of force onto the gradient structure of, 
typically, around 10 kN per actuator. In each case, the fastening points must be 
situated inside the resin matrix of the vacuum-sealed coil, so that the points of 
application of the actuators for the production of a counterforce to the Lorentz force 
of the gradient coil also are situated at the points where the vibrations that are to be 
reduced occur, (p. 1 , I. 24 - p. 2, I. 2) 

In the sealed component according to the claims on appeal, each actuator is 
in the form of an actuator module having holding segments fastened rigidly to the 
two ends of the actuator, with the holding segments being fastened, in particular 
screwed, onto two actuator receiving elements that are embedded at a spacing from 
one another in the sealing compound of the sealed MRI scanner component, (p. 2, 1. 
8-13) Each receiving element has a fastening segment that protrudes into a recess 



in the sealing compound, (p. 2, I. 13-14) The actuator receiving elements can be 
perforated anchoring Pla et a! having threaded holes or bores in the fastening 
segments, (p. 2, 1, 14-15) The fastening segments preferably are thicker compared to 
the remainder of the Pla et al(p. 2, 1. 15-16) 

Because the vibrational amplitudes are in the sub-millimeter range (typically 
<10pm). the binding between the actuator and the actuator receiving elements must 
take Pla et al without Pla et al.(p. 2. I. 17-19) Bending and torsional stresses in the 
actuator have a negative effect on the functioning and lifespan of the actuator. For 
this reason, there is the technical requirement that the elements for the introduction 
of force be positioned sufficiently precisely in the coil to permit installation of an 
actuator, after sealing, in a manner free from bending and torsional stresses, and 
permitting the counter-forces that are to be produced to be introduced into the coil 
structure in a manner that is loss-free as possible, (p. 2, I. 19-25) In order to allow 
manufacturing in a simple and economical manner, in an embodiment of the present 
invention a transmission offeree is realized by static friction, i.e., screwed connecting 
surfaces between the actuator and the actuator receiving elements, (p. 2, 1. 25 - p. 3, 
I. 3) 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL: 

The sole issue on appeal is whether the subject matter of claims 1 and 2 
would have been obvious to a person of ordinary skill in the field of designing active 
damping arrangements for use in a magnetic resonance imaging system, under the 
provisions of 35 U.S.C. §1 03(a), based on the teachings of United States Patent No. 
5,548,653 (Pla et al.) in view of the teachings of United States Patent No. 6,954,068 
(Takamori et al.). 



ARGUMENT: 



Rejection of Claims 1 and 2 Under Section 103(a) Based on Pla et al and 
Takamori et a! 

The Examiner has tal^en the position that the Pla et al reference discloses the 
subject matter of claim 1 on appeal with the exception of not disclosing sealing of the 
entire component, screwing the segments together, and using a perforated 
anchoring Pla et al as the fastening segment. The Examiner relied on the Takamori 
et al. reference as disclosing these features. The Examiner concluded it would have 
been obvious to a person of ordinary skill to modify the magnetic resonance system 
disclosed in the Pla et al reference in accordance with the teachings of Takamori et 
al., because the Examiner stated the Pla et al reference discloses only noise control, 
and states that the elements of such a noise control arrangement are typically 
arranged so as to be contained within a structure having a cylindrical bore in which 
an examination subject can be Pla et al. The Examiner stated the Takamori et al. 
reference discloses such a system that would benefit from active noise control 
because only passive noise control is disclosed therein. 

Appellants respectfully disagree with the Examiner's conclusions regarding 
the teachings of each of these references, insofar as the Examiner believes these 
teachings are somehow sufficiently compatible with each other so as to justify the 
Examiner's conclusion that it would have been obvious to modify the Pla et al 
reference in accordance with the teachings of Takamori et al. 

The Pla et al reference discloses a magnetic resonance system in which 
mechanical, noise-producing oscillations are actively damped using an actuator. As 
shown in Figures 4a and 4b of the Pla et al et al. reference, the actuator 16' is 



mounted on a so-called noise cancelling member 24 that Is in tum fastened to the 
cylinder 12 by means of two elastic (resilient) fastening elements 26. 

As the Examiner has noted, there is no teaching or suggestion in the Pla et al 
reference that the actuator 16' and/or the mounting elements therefor are embedded 
in a sealing compound. As the Examiner has also noted, the Pla et al. reference 
does not teach a fastening segment in the form of a perforated Pla et al. Although 
not noted by the Examiner, it is also the case that the Pla et al reference fails to 
teach that such a fastening segment, formed by a perforated plate, is located in a 
recess In the sealing compound, as also explicitly set forth in claim 1 of the present 
application. 

As described in the introductory portion of the present specification, when an 
actuator is used for active damping of mechanical oscillations in a magnetic 
resonance imaging system, accounting for the force transfer between the actuators 
and the gradient coil structure is critical, because these forces are extremely high, 
such as an order of magnitude of 10 kN per actuator. It is important that the 
mounting or fastening of the actuator be free of any because flexing stresses and 
torsion stresses in the actuator have a negative affect with regard to the proper 
functioning and life span of the actuator. 

These problems are not even noted in the Pla et al. reference, and therefore 
the Pla et al reference provides no teaching or suggestion whatsoever as to how 
such problems can be (or even if they should be) addressed. In the Pla et al 
reference, the actuators are fastened to elastic (resilient) mounting elements. There 
is no teaching in the Pla et al reference as to how the aforementioned extremely high 
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forces can be dealt with, and therefore the actuator disclosed in the Pla et al 
reference is not free of flexing and torsion stresses. 

As the Examiner has noted, the Takamori et al. reference does not make use 
of active damping at all, but Instead simply teaches reinforcing the overall structure, 
as a means of passive damping. Therefore, a person of ordinary skill in the field of 
magnetic resonance imaging, seeking to solve the aforementioned problems with 
regard to mounting an actuator for active damping, would not even consult the 
Takamori et al. reference, since such a person would know in advance that the 
Takamori et al. reference makes use only of passive damping, and therefore it would 
be meaningless to consult the Takamori et al. reference in an effort to learn 
information or guidance with regard to structures for active damping. Applicants 
submit that if such a person of ordinary skill, seeking to solve a problem associated 
with mounting of an active damping element, had the insight to consult a reference 
that exclusively concerns passive damping, this would be an insight supporting 
patentability, rather than a reason for negating patentability. 

Beyond the fact that the Takamori et al. reference provides no guidance to 
solve the problem to which the present invention is directed. Appellants respectfully 
submit the Takamori et al. reference does not provide the teachings cited by the 
Examiner. In the Takamori et al. reference, the shield 4016 shown in Figures 20 and 
21 is integrated into the overall cylindrical structure of the magnetic resonance 
scanner. Although the shield 4016 can have opening therein, as shown in Figures 
20 and 21, these openings are not accessible for any type of mounting, and 
Applicants respectfully submit it would destroy the intended operation of the passive 
damping in the Takamori et al. reference, as well as the active damping in the Pla et 
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al reference, if those openings in the shield 4016 of the Takamori et al. reference 
were used for mounting components of any type. 

Moreover, as noted above, claim 1 does not simply claim a perforated plate 
as the fastening segment, but claims a perforated plate disposed in a recess in the 
sealing compound. No such structure is disclosed in the Takamori et al. reference, 
and therefore even if the Pla et al et al. reference, were modified in accordance with 
the teachings of Takamori et al. (for reasons unknown to the Appellants), the subject 
matter of claim 1 still would not result. 

In response to the above arguments that were made during prosecution 
before the Examiner, the Examiner stated that the arguments are directed to 
explaining why the structure is the way it is, but do not have a bearing on how the 
references read on the claims. The Examiner also stated these arguments treat the 
references individually, rather than as a combination. The Examiner stated that, for 
example, since the Takamori reference is used to teach that it is well known in the 
art to use a cured ceiling compound to carry an RF coil, arguments that the Pla et al 
reference does not s how this feature do not take into account the combination of the 
Pla et al reference with Takamori et al. 

In response, Appellants submit that the above arguments clearly address the 
combination of the references, but it is unavoidable to first identify what each 
reference teaches individually, so that an evaluation can then be made as to the 
alleged obviousness of combining those teachings. Also in this regard, it is 
extremely relevant to determine why the structure is the way it is. because that has a 
significant bearing on whether and why a person of ordinary skill in the relevant 
technology would or would not seek to modify a particular reference in view of the 



teachings of another reference. The reason why the claimed structure is the way it 
is, as noted above, is because it is designed to solve particular problems in the 
relevant technology. That is a very relevant issue to take into consideration in 
assessing obviousness. As the Federal Circuit stated in Bancorp Services, LLC. v. 
Hartford Life Insurance Co., 359 F.S"^ 1367, 1375, 69 U.S.P.Q. 2d 1996 (Fed. Cir. 
2004): 

In determining the relevant for purposes of addressing issues of patent 
validity, the Court to the nature of the problem confronting the inventor. 
Orthopedic Equipment Co. v. United States, 702 F.2d 1005, 1009 (Fed. 
Cir. 1983). 

Appellants are not contending that the Takamori et al reference is non- 
analogous art, but are contending that since neither the Pla et al et al reference nor 
the Takamori reference addresses the problem of designing an active actuator for 
use in magnetic resonance imaging, neither of those references provides any 
teaching, guidance or motivation to combine the respective teachings of those 
references. As the cases cited below make clear, it is essential, to substantiate a 
rejection under 35 U.S.C. §1 03(a), that such teaching, guidance or motivation be 
present in the references that are relied upon. The failure of the references to even 
address the problem in the art that the invention is designed to overcome is a highly 
relevant consideration to take into account in assessing whether these rigorous 
evidentiary standards have been satisfied. 

The Federal Circuit stated in In re Lee 227 F.3d 1338. 61 U.S.P.Q. 2d 1430 
(Fed. Cir. 2002): 

"The factual inquiry whether to combine references must be thorough 
and searching. ...It must be based on objective evidence of record. 
This precedent has been reinforced in myriad decisions, and cannot be 
dispensed with." 
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Similarly, quoting C.R Bard, Inc. v. M3 Systems, Inc., 157 F.3d 1340, 1352, 

48 U.S.P.Q. 2d 1225. 1232 (Fed. Cir. 1998). the Federal Circuit in Brown & 

Williamson Tobacco Court v. Philip Morris, Inc., 229 F.3d 1120. 1124-1125, 56 

U.S.P.Q. 2d 1456. 1459 (Fed. Cir. 2000) stated: 

[A] showing of a suggestion, teaching or nnotivation to combine the 
prior art references is an 'essential component of an obviousness 
holding*. 

In In re Dembiczak, 175 F.3d 994,999, 50 U.S.P.Q. 2d 1614. 1617 (Fed. Cir. 

1 999) the Federal Circuit stated: 

Our case law makes clear that the best defense against the subtle but 
powerful attraction of a hindsight-based obviousness analysis is 
rigorous application of the requirement for a showing of the teaching or 
motivation to combine prior art references. 

Consistently, in In re Rouffet, 149 F.3d 1350, 1359, 47 U.S.P.Q. 2d 1453, 

1459 (Fed. Cir. 1998). the Federal Circuit stated: 

[E]ven when the level of skill in the art is high, the Board must identify 
specifically the principle, known to one of ordinary skill in the art, that 
suggests the claimed combination. In other words, the Board must 
explain the reasons one of ordinary skill in the art would have been 
motivated to select the references and to combine them to render the 
claimed invention obvious. 

In Winner International Royalty Corp. v. Wang, 200 F.3d 1340, 1348-1349, 53 

U.S.P.Q. 2d 1580. 1586 (Fed. Cir. 2000), the Federal Circuit stated: 

Although a reference need not expressly teach that the disclosure 
contained therein should be combined with another, ... the showing of 
combinability, in whatever form, must nevertheless be clear and 
particular. 

Lastly, in Crown Operations International, Ltd. v. Solatia, Inc., 289 F.3d 1367, 

1376, 62 U.S.P.Q. 2d 1917 (Fed. Cir. 2002). the Federal Circuit stated: 

There must be a teaching or suggestion within the prior art, within the 
nature of the problem to be solved, or within the general knowledge of 
a person of ordinary skill in the field of the invention, to look to 



particular sources, to select particular elements, and to combine them 
as combined by the inventor. 

The statement that the Takamori et al reference is relied upon as teaching 
that It is known in the art to use a cured celling compound to carry an RF coil 
provides no guidance, teaching or motivation that is sufficiently specific, as required 
by the above-cited decisions. In fact. Appellants have acknowledged in the present 
specification that it is well known to pot an RF coil and a gradient coil in sealing 
compound. Simply having knowledge of this basic background information does not 
serve as a motivation for modifying the Pla et al reference in accordance with the 
teachings of Takamori et al especially, as noted above, since the Takamori et al 
reference does not even concern active actuators, but instead concerns only passive 
actuators. 

For these reasons, Appellants submit the subject matter of claim 1 would not 
have been obvious to a person of ordinary skill in the field of designing active 
damping arrangements for use in magnetic resonance imaging, based on the 
teachings of Pla et al et al and Takamori et al, under the provisions of 35 U.S.C. 
§1 03(a). Claim 2 adds further structure to the non-obvious combination of claim 1, 
and is submitted to be unpatentable over the teachings of Pla et al and Takamori et 
al for the same reasons discussed above in connection with claim 1 . 
CONCLUSION: 

For the foregoing reasons, Appellants respectfully submit the rejection of 
claims 1 and 2 by the Examiner is in error in law and in fact. Reversal of that 
rejection is therefore proper, and the same is respectfully requested. 
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CLAIMS APPENDIX 

1. A sealed component for a magnetic resonance imaging scanner 
comprising: 

cured sealing compound carrying at least one RF coil and at least one 
gradient coil for magnetic resonance imaging; and 

an actuator module comprising an actuator for active noise control during said 
magnetic resonance imaging, said actuator having opposite ends, two 
holding elements respectively rigidly fastened to the opposite ends of 
the actuator, two actuator receiving elements respectively fastened to 
the two holding segments, said two actuator receiving elements being 
embedded in the cured sealing compound with a spacing between said 
two receiving elements, and each of said two receiving elements 
having a fastening segment that protrudes into a recess in the sealing 
compound. 

2. A sealed component as claimed in claim 1 wherein said two holding 
segments are respectively screwed onto said two receiving elements. 
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Exhibit A: United States Patent No. 5.548.653 (Pla et al) - Cited in July 5. 
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Exhibit C: Figs. 1 and 2 - Part of the Application as originally filed on 

November 18, 2003. 
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ABSTRACT 



An active noise and vibradon control system which mini- 
mizes noise output by creating a secondary, cancelling noise 
and/or vibration field using vibrational inputs. The system 
includes one or more piezoceramic actuators mounted to the 
inner surface of a magnetic resonance inoaging device. The 
actuators can be either mounted directly to the device or to 
one or more noise cancelling members which are lesilienlly 
moimted to the device. Transducers are also provided for 
sensing the noise or vibrations generated by* the device and 
producing an error signal corresponding to the level of noise 
or vibrations sensed. A controller sends a control signal to 
the actuators in response to the ent>r signal, thereby causing 
the actuators to vibrate and generate a noise or vibration field 
which minimizes the total noise emanating from the device. 
Alternatively, the system can use noise and vibration feed> 
back simultaneously. 

20 Oaims, 3 Drawing Sheets 
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ACTIVE CONTROL OF NOISE AND 
VIBRATIONS IN MAGNFHC RESONANCE 
IMAGING SYSTEMS USING VIBRATIONAL 
INPUTS 

5 

CROSS REFERENCES TO RELAreD APPLICA- 
TIONS 

This application is a Continuation-in-pan of application 
Scr. No. 07/834.957, filed Feb. 14. 1992. now abandoned. 
This application is also related to application entitled lO 
"Active Control of Aircrafl Engine Noise Using \^brational 
Inputs" Ser. No. 08/051 810. filed Apr. 21. 1993. now U.S. 
Pat No. 5,370340 which is a Rle Wrapper Continuation of 
application Ser. No. 07^787.471, filed Nov. 4, 1991. and now 
abandoned. All of these related applicadons are assigned to is 
the same assignee as the present invention. 

BACKGROUND OF THE INVENTION 

This invention relates generally to magnetic resonance 20 
imaging (MRI) systems and more particularly concerns 
minimizing the noise and/or vibrations generated by an MRI 
system using secondary vibrational inputs. 

MRI systems require a uniform magnetic field and radio 
frequency radiation to cause magnetic resonance in the ^ 
atomic nuclei of the subject being imaged. The magnetic 
resonance of the nuclei provides information from which an 
image of the portion of the . subject containing these nuclei 
may be cbnsinicted. The magnetic field, which must be 
highly homogeneous, can be generated by a laige permanent ^0 
or superconducting magnet The RF radiation is generated 
by an RF coil situated within the magnetic field. Magnetic 
field gradient coils are used to encode spatial information 
into the image signal. Typically, these elements are arranged 
so as to be contained within a structure having a cylindrical 
bore with a diameter large enough that the subject being 
imaged can be placed within the cylinder. A more complete 
discussion of MR imaging may be found in U.S. Pat No. 
4,471,306 assigned to the same assignee as the present . 
invention. ^ 

Magnetic resonance imaging is now a widely accepted 
medical diagnostic procedure and its use is becoming 
increasingly popular. However, the acousdc noise levels 
generated by current MRI systems ^proach 100 decibels. 
These high noise levels can cause a substantial degree of 
patient discomfort and often require a test to be aboited prior 
to completion. MRI technology is not available to some 
patients only because they are unable to cope with the MRI 
environment Noise is also a major concern for staflF mem- ^ 
bers operating the devices. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
reduce the acoustic noise levels generated by MRI systems. 

More specifically, it is an object of the preset invention 
to reduce MRI system noise by creating a secondary noise 
and/or. vibration field which cancels the primary noise field. 

In addition, it is an object of the present invention to 
control vibrations in the MRI system in order to maintain 
good image quality. 

These and other objects are accomplished in the present 
invention by coupling one or more piezoc^^mic actuators to 
the MRI system. The actuators can. be either moimted 65 
directiy to the system or to one or more noise cancelling 
members which are resiliently mounted to the MRI device. 
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Transducers are also provided for sensing either the noise 
generated by the MRI system or the vibrations in the system. 
The transducers produce error signals corresponding to the 
level of noise or vibrations sensed. A controller is included 
and has inputs coimected to the transducers and outputs 
connected to the actuators. A reference signal representing 
the primary noise field is also fed to the controller. The 
controller is responsive to the error and reference signals to 
determine a control signal which is sent to the actuators, 
thereby causing the actuators to vibrate and generate a noise 
or vibration field which minimizes the total noise emanating 
from the MRI systeriL Aliematively. both noise and vibra- 
tion transducers can be used together, with the controller 
being responsive to both error signals in detemuning the 
control signal. 

In another embodiment, both noise and vibration feed- 
back are used but independentiy of one another. Noise 
transducers provide noise error signals to a first controller, 
and vibration transducers provide vibration error signals to 
a second controller. The first controller sends a control signal 
to a first set of actuators resilientiy mounted to the MRI 
device, while the second controller sends a control signal to 
a second set of actuators direcUy mounted to the device. 

Other objects and advantages of the present invention will 
become apparent upon reading the following detailed 
description and the appended claims and upon reference to 
the accompanying drawings. 

DESCRIFnON OF THE DRAWINGS 

The subject matter which is regarded as the invention is 
particularly pointed out and distinctiy claimed in the con- 
cluding portion of the specification. The invention, however, 
may be best understood by reference to the following 
description taiken in conjunction with the accompanying 
drawing figures in which: 

FIGS. lA-lC show a typical acoustic wave generated by 
a primary noise field, a secondary npise field, and the 
combined noise field, respectively; 

FIG. 2 is a schematic representation of a first embodiment 
of the present invention; 

FIG. 3 is a schematic representation of a second embodi- 
ment of the present invention; 

FIG. 4A is a partially cut-away perspective view of the 
present invention showing a resilient mounting arrangement 
for a vibrational actuator, 

FIG. 4B is an end view of the present invention showing 
the resilient mounting arrangement; 

FIG. 5 is a schematic representation of a third embodi- 
ment of the present invention; and 

FIG. 6 is a schematic representation of a fourth embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The underiying principle of the present invention is 
explained wiOi reference to FIGS. lA-lC. FIG. lA shows a 
sample acoustic wave which may be generated during 
operation of an MRI system. This is referred to as the 
primary noise field. FIG. IB shows an acoustic wave pur- 
posely generated by a secondary or cancelling noise source. 
As can be seen in these figures, the secondary wave is 
out-of-phase with the primary wave. The effect of the two ' 
waves being out-of-phase is that they cancel one another out, 
thus eliminating noise. This can be seen in FIG. IC where 
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the composite wave has virtually zero amplitude. 

IViniing to FIG. 2, which is a simplified block diagram of 
the present invention, an MRI system 10 is shown. Since the 
MRI system in and of itself does not form a pan of the 
present invention, it is simply shown as a cylindrical stnic- 
tuie 12. It should be understood that the cylinder 12 includes 
the magnet, RF coil, gradient coils and other hardware of a 
conventiona] MRI system. Also included are MRI system 
electronics 14 that generate RF pulse signals v.hich are 
applied to the RF coil in the cylindrical structure 12. The RF 
pulse signals have the modulation required to excite reso- 
nance in the subject being studied. The system electronics 14 
also generate gradient pulse signals which energize the 
gradient coils in the cylinder 12. Both the RF pulse signals 
and the gradient pulse signals are represented in the Figures 
by the signal 15. The system electronics 14 are conventional 
and need not be further described. Reference is made to the 
above-mentioned U.S. Pat. No. 4,471,306 for a more 
detailed description of conventiona] MR] system electron- 
ics. 

In a first embodiment of the {»esent invention, vibrational 
input sources are provided to generate a secondary noise 
field which serves to cancel the primary field. FIG. 2 shows 
the cylinder 12 partially cut away to reveal a plurality of 
vibrational actuators 16 attached to an iimer surface thereof. 
The actuators 16 provide the necessary vibrational input to 
"shake" the structure they are attached to, thereby creating 
the secondary noise field. The actuators can be either 
directly attached to the cylinder 12 or indirectly coupled via 
a mounting arrangement which will be described below. The 
actuators 16 are controlled by an electronic controller 18 
coimected to each of the actuators. The controller 18 
receives input from a plurality of feedback sensors 20 
disposed on the cylinder 12. In the embodiment of FIG. 2, 
noise transducers are provided as the feedback sensors. The 
noise transducers 20 sense noise generated by the MRI 
system and produce an error signal corresponding to the 
level of noise sensed. The transducers 20 can be micro- 
phones, piezoelectric filnis, piezoelectric transducers or any 
other type of device capable of sensing noise and producing ^ 
an output thereof. The noise transducers 20 are generally 
located wherever noise needs to be eliminated. Preferably, a 
number of transducers 20 are arranged in the cylinder 12 so 
as to be in proximity to a patient's ears when the patient is 
placed in the device for a test. 

The controller 18 also receives an input of a reference 
signal representing the primary noise field. The reference 
signal may be derived from any source as long as there is a 
well correlated transfer function between the reference sig> 
nal and the primary noise field. For instance, the reference 
signal may be derived from the gradient pulse signals or 
even from the RF pulse signals (both denoted in the Figures 
by reference numeral 15). The gradient pulse signals are a 
particularly good source for the reference signal because 
they are primarily responsible, in their amplified form, for 55 
the original source of the MRI noise. Alternatively, the 
reference signal may be derived from a microphone 17 
positioned to detect the primary field but not the secondary 
field. (Being an alternative, the microphone 17 is schemati- 
cally shown in dotted lines in FIG. 2.) For example, the 50 
inicrophone 17 could be placed near the opening of the bore 
of the cylindrical structure 12 or between the RF coil and the 
gradient coils of the MRI device. The reference signal must 
not contain crosstalk from the secondary noise fi^d. 

Thus, the input of the reference signal provides primary 65 
field frequency information to the controller 18, while the 
noise transducers 20 provide performance feedback infor- 
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mation to the controller 18. In response to the inputs firom 
the transducers 20 and the reference signal, the controller 18 
determines an appropriate control signal which is sent to 
each of the actuators 16. The control signal causes the 
actuators 16 to vibrate with the frequency and amplitude 
needed to shake their supporting structure and create the 
proper secondary noise field for minimizing total noise. 

The controller 18 can be implemented using one of a 
variety of standard control schemes known in the art One 
preferred scheme uses a multi-input, multi-output (MI/MO) 
adaptive filtering approach based on the MI/MO Filtered-X 
LMS algorithm. Such an algorithm is described in the article 
*'A Multiple Error LMS Algorithm and its Application to the 
Active Control of Sound and Vibration,'* IEEE Thmsactions 
on Acoustic Speech and Signal Processing, Vol. ASSP-3S, 
No. 10, October, 1987, by Stephen Elliott et al. In such a 
control scheme, the control signals which are sent to the 
actuators 16 are adjusted in real time to minimize noise at 
the noise transducers 20. The controller 18 can react nearly 
instantly to frequency modulations in the reference signal. 
Moreover, due to its adaptive nature, the controller is 
self-configuring and can self-adapt to changes in the system 
such as actuator or transducer failure. 

The actuators 16 are preferably made of a piezoceramic 
material, typically in the form of a thin sheet. Piezoceramic 
actuators are preferred because, unlike electrodynamic shak- 
ers or traditional, voice coil loudspeakers, piezoceramic 
material is non-ntagnetic. Thus, piezoceramic actuators will 
not interfere with the magnetic field of the MRI system. 
Piezoceramic actuators are also much lighter than traditional 
loudspeakers, are low power consuming devices which can 
be distributed over a large area and are designed to ensure 
good impedance matching with the acoustic field inside the 
MRI system. Furthermore, the number of sources needed for 
active noise control is less when using vibrational inputs 
than when using acoustic sources such as traditional loud- 
speakers. This is because the sound field obtained using 
suiicture-bome excitation (vibrational sources) more closely 
approximates the required cancelling field than a sound field 
obtained using nonstructure-bome excitation (acoustic 
sources). 

The piezoelectric properties of each actuator 16 are such 
that, when excited, it exerts an oscillating force on the plane 
of the structure to which the actuator is attached. Structure- 
borne noise is then generated when in-plane vibrations 
change the shape of the cylindrical structure and produce 
bending motions. The size of the actuators 16 depends on the 
acoustic power required to produce the secondary sound 
field. The number and placement of the actuators depends 
mainly on the modal order of the primary noise field to be 
cancelled. For instance, in the case of primary noise being 
generated by a distributed source, it is best to provide a 
distributed secondary source to generate the secondary noise 
field. One solution is a modal actuation approach using 
distributed actuators shaped so that they only excite certain 
modes. Use of distributed actuators also tends to minimize 
modal spillover problems. 

For best results, the actuators should be arranged to 
closely resemble the excitation mechanism of the primary 
noise field. In other words, it is best to cancel the primary 
noise of the MRI system at its source. For the structure- 
bome nature of MRI noise, this means cancelling the pri- 
mary vibration field in order to reduce the noise. This could 
be accomplished in the special cwumstance where the 
coupling between the vibration and acoustic fields of the 
MRI system can be determined. FIG. 3 shows a second 
embodiment of the present invention in which MRI noise is 
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reduced through such vibration cancellation. The FIG. 3 
embodiment is structurally identical to the FIG. 2 embodi- 
ment except that the noise transducers 20 are replaced with 
vibration transducers 22. The vibration transducers 22 are 
devices such as accelerometers that sense the vibration s 
modes which radiate the most noise and output error signals 
corresponding to the sensed vibrations. The error signals and 
a refmnce signal are fed to the controller 18 which in turn 
sends an appropriate control signal to the actuators 16 to 
cancel the detrimental vibration modes. The reference signal 
can be derived from either the gradient pulse signals or the 
RF pulse signal (represented by signal 15 in FIG. 3), or the 
reference signal can be derived from a microphone posi- 
tioned in or near to the MRI system 10. In this embodiment, 
the actuators 16 are preferably mounted on the gradient coils 
I2a (see FIG. 3) because the energizaD'on of the gradient . 
coils is a primary source of the MRI noise. The RF coil 122^ 
(see FIG. 2) is another location .on which the actuators 16 * 
could be mounted. 

The noise cancellation techniques of the first embodiment ^ 
may increase vibration levels in the MRI system structure 
due to the secondary vibrational inputs and modal spillover. 
If increased stmctural vibrations adversely affect image 
quality, the actuators can be indirectly mounted via a resil- 
ient mounting arrangement, thereby decoupling the second- 25 
ary vibrational inputs from the MRI system structure. FIGS. 
4 A and 4B show such a mounting arrangement in detail. A 
thin, arcuate noise cancelling member 24 is concentrically 
mounted to the inner surface of the cylinder 12. The noise 
cancelling member 24 is preferably mounted to the cylinder ^ 
12 by means of two fasteners (not shown) and two resilient 
mounting members 26 at both ends of the arcuate member 
24. One or more actuators 16' are then mounted to the noise 
cancelling member 24. Thus, the actuators shake the noise 
cancelling member 24 in order to radiate secondary noise 
towards the patient Although only one noise cancelling 
member 24 is shown, any number as needed could be 
included. The resilient mounting members 26 are preferably 
elastic blocks disposed between the cylinder 12 and the 
opposing ends of the noise cancelling member 24. The ^ 
resilient mounting members 26 prevent the noise generating 
vibrations of the actuators from propagating to cylinder 12. 
This airangement thus limits image distortion due to the 
noise cancelling vibrations. 

FIG. 5 shows another way to protect image quality from 45 
secondary vibrations which includes adding a vibration 
feedback term and an "effort** term to the noise feedback 
signal fed to the controller. The system of FIG. 5 is the same 
as the system of FIG. 2 except that one or more secondary 
feedback sensors 22 are provided in addition to the noise 50 
transducers 20. The secondary feedback sensors are vibra- 
tion transducers such as accelerometers. Hie vibration trans- 
ducers 22 sense vibrations generated in the MRI system and 
produce an enor signal corresponding to the sensed vibra- 
tions. The vibration error signal is fed to the controller 18 in 55 
addition to the noise enor signal from the noise transducers 
20 and a reference signal which can be derived from either 
the gradient pulse signals or the RF pulse signal (represented 
by signal 15 in FIG. 5), or from a microphone positioned in 
or near to the MRI system 10. The vibration feedback allows go 
the controller 18 to minimize vibrations at the. vibration 
transducers 22, thereby minimizing primary vibrations, 
excessive secondary vibrations, and modal spillover prob- 
lems to preserve image quality. 

The "effort" term is a signal 19 proportional to the control 65 
signal emitted from the controller 18 to the actuators 16 that 
is added to the noise and vibration feedback signals. The 



"effort" term ensures that minimum power, and thus mini- 
mum resultant vibrations, is used by the actuators in reduc- 
ing noise. Furthermore, when multiple actuators are used, 
the "effort" term preveius the acmators from generating 
excessive vibrations as a result of the actuators trying to 
cancel vibrations from other actuators. 

When combining vibration cancellation with noise can- 
cellation, a compromise has to be made between the two 
techniques, because a reduction in noise is usually accom- 
panied by an increase in vibration. By carefully analyzing 
the noise and vibration lields in the system, the best location, 
size and number of actuators and sensors, as well as the best 
control parameters, can usually be. determined to strike an 
optimum compromise between noise and vibration cancel- 
lation. 

FIG. 6 shows an embodiment for use when a satisfactory 
compromise between noise and vibration cancellation can- 
not be found. This approach uses the resilient mounting 
arrangement discussed above to decouple noise cancellation 
from vibration cancellatioiL As seen in FIG. 6, noise trans- 
ducers 20 mounted to the MRI structure 12 provide noise 
error signals to a first controller 18. and vibration transduc- 
ers 22 provide vibration error signals to a second controller 
28. Both the first and second controllers receive an input of 
a reference signal representing the primary noise field. As 
before, the reference signal can.be derived from either the 
gradient pulse signals or the RF pulse signal (represented by 
signal 15 in FIG. 6), or the reference signal can be derived 
from a microphone positioned in or near to the MRI struc- 
ture 12. The system also has a number of actuators 16 
mounted direcUy to the MRI cylindrical structure 12 (par- 
ticularly to the gradient coils and/or the RF coil) and at least 
one actuator 16' mounted via a resilient mounting arrange- 
ment which is equivalent to the arrangement of FIGS. 4A 
and 4B. The number and placement of these actuators 
depends mainly on the modal order of the primary noise field 
to be cancelled. 

The first controller 18 determines an ap p ropriate control 
signal in response to the inputs from the noise transducers 20 
and the reference signal. Hiis control signal is sent to the 
actuator 16'. As described above, the acmator 16* is resil- 
ienUy mounted to the MRI structure 12 via a noise cancel- 
ling member 24 and two resilient mounting members 26. 
The control signal from the first controller 18 causes the 
actuator 16* to shake the noise cancelling member 24 to 
create a secondary noise field for minimizing total noise. 
The resilient mounting prevents generation of secondary 
vibrations in the MRI strucmre 12. In response to the inputs 
from the vibration transducers 22 and the reference signal, 
the second controllo' 28 determines an appropriate control 
signal which is sem to the acmators 16. The control signal 
causes the actuators -16 to vibrate with the frequency and 
amplitude needed to shake their sui^rting structure and 
create a secondary vibration field that will minimize overall 
vibrations in the MRI structure. 

Thus, it can be seen that the embodiment of FIG. 6 has a 
noise cancelling control loop based around the first control- 
ler 18 which reduces noise without creating secondary 
vibrations and a vibration cancelling control loop based 
around the.second controller 28^which niinimizes structural 
vibrations independentiy of the noise control. Since the 
vibration field affects the overall noise field, the second 
controller 28 should be activated first Once the vibration 
control loop has reached a steady state, the first controller 18 
can be activated with no effect on vibration cancellation 
because the secondary noise field created by the noise 
control loop does not excite the vibration field to any 
significant extent. 
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The present invention can control noise either globally or 
locally depending on the operating parameters of the MRI 
system. Global control minimizes noise throughout the MRI 
system, thus the use of the term "global.** In local control, 
noise is minimized at the feedback sensors only. Local 5 
control generally results in spherical "zones of silence" 
centered around each feedback sensor and having a diameter 
which is a fraction of the acoustic wavelength of the MRI 
noise. Whether global or local control is achieved depends 
on the frequencies of the MRI noise and the modal com- 
plexity of the primary vibration and acoustic fields of the 
MRI system being used. Global conuol can be achieved 
when the MRI system is being excited at resonance, that is. 
when the frequencies of the MRI noise closely match natural 
ftequencies of the MRI system. However, such resonance 
conditions produce the highest starting noise levels. Global 
control is also possible when cancellation is performed at or 
near the primary source, such as when using modal actuation 
with distributed actuators. Local control is usually the only 
possible form of control in non-resonant environments, at ^ 
off-resonance conditions, and when the secondary field 
actuators are in the far field of the primary source. 

As the MRI noise frequency increases, active noise con- 
trol becomes more difiScult because the acoustic wavelength 
and thus the "zones of silence" become smaller. At frequen- 25 
cies above about 1 kilohertz, the effectiveness of the active 
noise control decreases rapidly. As mentioned above, the 
extent and magnitude of the attenuation varies depending on 
what modes are excited inside the MRI system and at what 
frequency. Slight changes in the frequency spectrum of the 30 
MRI noise will greatly affect the performance of the active 
noise control system. 

The foregoing has described active control of noise and 
vibration in an MRI system. Noise and/or vibrations are 
cancelled by an out-of-phase field generated by vibrational 35 
inputs. The system provides efficient noise reduction with a 
minimum of image distortion. 

WhDe specific embodiments of the present invention have 
been described, it will be apparent to those skilled in the art 
that various modifications thereto can be made without ^ 
departing from the spirit and scope of the invention as 
defined in the appended claims. 

What is claimed is: 

1. In a magnetic resonance imaging (MRI) device for 
imaging a subject, and having a cylindrical structure includ- 
ing a magnet, a radio frequency (RF) coil, gradient coils, a 
pulse signal generator, and system electronics which gener- 
ate RF pulse signals applied to said RF coil, and gradient 
pulse signals to energize said gradient coils and thereby 
create structure-borne primary noise from in-plane structural 
vibration of said cylindrical structure, an improved MR] 
apparatus comprising: 

means for inducing structural vibrations fixedly mounted 
on said noise and vibration producing structure to shake 
said structure and to effect a secondary noise field 
therefrom for canceling said primary noise to control 
vibrations in said MRI device to maintain image qual- 
ity; 

means for sensing noise generated by said device, said 
means for sensing noise producing an error signal 
corresponding to the level of noise sensed; 

means for generating a reference signal representative of 
said primary noise; and 

a controller having an input connected to said means for .65 
sensing noise, another input coruiected to said means 
for generating a reference signal, and an output con- 
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nected to said means for inducing vibrations, said 
controller being responsive to said error signal and said 
reference signal to determine a control signal which is 
sent to said means for inducing vibrations in said 
structure, said control signal causing said means for 
inducing vibrations to vibrate and generate said sec- 
ondary noise field. 

2. The apparatus of claim 1 further comprising a noise 
canceling member attached to said structure, said noise 
canceling member supporting said means for inducing vibra- 
tions and being vibrated by said means for inducing vibra- 
tions to generate said secondary noise field from said 
structure, and wherein said noise canceling member is 
resilienlly mounted to said structure to decouple vibration of 
said member from said structure. 

3. The apparatus of claim 1 wherein said means for 
inducing vibrations comprises at least one actuator made of 
a piezoceramic material. 

4. The apparatus of claim 1 wherein said means for 
generating a reference signal derives said reference signal 
from said pulse signal generator. 

5. The apparatus of claim 1 wherein said means for 
generating a reference signal is a microphone positioned to 
detect said primary noise generated by said magnetic reso- 
nance imaging device. 

6. The apparatus of claim 1 further comprising means for 
sensing vibrations genermed by said structure, said means 
for sensing vibrations producing a second error signal cor- 
responding to the level of vibrations sensed, and said con- 
troller having another input cormected to said means for 
sensing vibrations, said controller being responsive to both 
of said error signals and said reference signal to determine 
said control signal which is sent to said means for indudng 
vibrations with said reference signal not containing crosstalk 
from said secondary noise field. 

7. The apparatus of claim 6 further comprising means for 
feeding an effort signal proportional to said control signal to 
said controller. 

8. An ^paratus for minimizing primary noise generated 
by a magnetic resonance imaging device having a magnet, 
a radio frequency coil, gradient coils and a pulse signal 
generator, said apparatus comprising: 

at least one noise canceling member resiliently attached to 
said device to effect a secondary noise field therefrom 
for canceling said primary noise, with vibration of said 
member being decoupled from said device; 

a first means for inducing vibrations coupled to said noise 
canceling number; 

a second means for inducing vibrations coupled to said 
device for vibrating said device; 

means for sensing noise generated by said device, said 
means for sensing noise producing a first error signal 
corresponding to the level of noise sensed; 

means for sensing vibrations generated by said device and 
being attached thereto, said means for sensing vibra- 
tions producing a second error signal corresponding to 
the level of vibrations sensed in said device; 

means for generating a reference signal representative of 
said primary noise; 

a first controller having an input connected to said means 
for sensing noise, another input connected to said 
means for generating a reference signal, and an output 
connected to said first means for inducing vibrations, 
said first controller being responsive to said first error 
signal to determine a control signal which is sent to said 
first means for inducing vibrations, said first control 
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signal causing said first means for inducing vibrations 
to vibrate and generate said secondary noise field; and 
a second controUer having an input connected to said 
means for sensing vibrations, another input connected 
to said means for generating a reference sigiud, and an ^ 
output connected to said second means for inducing 
vibrations, said second controUer being responsive to 
said second error signal to determine a second control 
signal which is sent to said second means for inducing 
vibrations, said second control signal causing said 
second means for inducing vibrations to vibrate and 
generate a vibration field in said device for canceling 
said vibrations sensed, with said second controller 
being configured to activate before said first controller. 

9. The apparatus of claim 8 wherein said first and second 
means for inducing vibrations each comprise at least one 
actuator made of a piezoceramic material. 

10. The apparatus of claim 8 wherein said. second means 
for inducing vibrations is directly mounted to said gradient 
coils. 20 

U. The apparatus of claim 8 wherein said second means 
for inducing vibrations is directly mounted to said radio 
frequency coU. 

12. The apparatus of claim 8 wherein said reference signal 
generating means derives said reference signal from said ^5 
pulse signal generator, and said first and second controllers 
are both additionally responsive to gradient pulse signals 
generated by said pulse signal generator to determine said 
first and second control signals, respectively. 

13. The apparatus of claim 8 wherein said reference signal 30 
generating means derives said reference signal from said 
pulse signal generator, and said first and second controllers 
are both additionally responsive to radio frequency pulse 
signals generated by said pulse signal generator to determine 
said first and second control signals, respectively. 35 

14. The apparatus of claim 8 wherein said means for 
generating a reference signal is a microphone positioned to 
detect said primary noise generated by said magnetic reso- 
nance imaging device, said first and second controllers each 
having an additional input connected to said microphone so ^ 
as to be additionally responsive to signals generated by said 
microphone to determine said first and second control sig- 
nals, respectively. 

15. In a magnetic resonance imaging (MRI) device for 
imaging a subject, and having a cylindrical structure includ- 
ing a magnet, a radio frequency (RF) coil, gradient coils, a 
pulse signal generator, and system electronics which gener- 
ate RF pulse signals applied to said RF coil, and gradient 
pulse signals to energize said gradient coils and thereby 
create structure-borne primary noise from in-plane structural 



10 

vibration of said cylindrical structure, an improved MRI 

apparatus comprising: 

means for inducing structural vibrations fixedly mounted 
on said noise aiul vibration producing structure to shake 
said structure and to effect a secondary noise field 
therefrom for canceling said primary noise to control 
vibrations in said MRI device to maintain image qual- 
ity; 

means for sensing vibrations generated by said device and 
being attached thereto, said means for sensing vibra- 
tions producing an error signal corresponding to the 
level of vibradons sensed in said device; 

means for generating a reference signal representative of 
said primary noise; and 

a controller having an input connected to said means for 
sensing vibrations, another input connected to said 
means for generating a reference signal, and an output 
connected to said means for inducing vibrations, said 
controller being responsive to said error signal to 
determine a control signal which is sent to said means 
for inducing vibrations, said control signal causing said 
means for inducing vibrations to vibrate and generate a 
vibration field in said cylindrical structure for canceling 
said vibrations sensed to reduce said primary noise. 

16. The apparatus of claim 15 wherein said reference 
signal generating means derives said reference signal from 
said pulse signal generator, and said controller is addition- 
ally responsive to said gradient pulse signals generated by 
said pulse signal generator to determine said control signal. 

17. The apparatus of claim 15 wherein said reference 
signal generating means derives said reference signal from 
said pulse signal generator, and said controller is addition- 
ally responsive to said RF pulse signals generated by said 
pulse signal generator to determine said control signal. 

18. The apparams of claim 15 wherein said means for 
generating a reference signal is a microphone positioned to 
detect said primary noise generated by said magnetic reso- 
nance imaging device, said controUer having an additional 
input connected to said microphone so as to be additionally 
responsive to signals generated by said microphone to 
determine said control signal. 

19. The apparatus of claim 15 wherein said means for 
inducing vibrations is direcdy mounted to said gradient 
coils. 

20. The apparatus of claim 15 wherein* said means for 
inducing vibrations is directly mounted to said radio fre- 
quency coil. 

* * * « * 
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ABSTRACT 



The gantry of a magnetic resonance imaging apparatus 
includes a static magnetic field magnet, a gradient coil, a 
high-frequency coil, and a sealed vessel housing the gradient 
coil. The sealed vessel is made of a nonoonductive material. 
Even if a gradient magnetic field is switched at high speed, 
no eddy current flows in the sealed vessel. Therefore, the 
sealed vessel does not vibrate. 

12 Claims, 31 Drawing Sheets 
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MAGNETIC RESONANCE IMAGING 
APPARATUS 

BACKGROUND OF THE INVENTION 

The present inveniion relates to a magnetic resonance 
iroagixig apparatus for generating a magnetic resonance 
signal (MR signal) by applying a gradient magnetic field 
pulse and high-frequency magnetic field pulse to an object 
to be examined which is placed in a homogeneoiis static 
magnetic field, and generating a magnetic resonance image 
(MR image) on the basis of this MR signal. 

As is known well, the magnetic resonance phenomenon is 
a phenomenon in which when nuclei having unique mag- 
netic moments are placed in a homogeneous static magnetic 
field, they resonantly absorb the energy of high-frequency 
magnetic fields that rotate at specific frequencies. A mag- 
netic resonance diagnosis apparatus is designed to visualize 
the chemical, structural, microscopic information of a sub- 
stance in a living body by using this magnetic resonance 
phenomenon. 

Various types of visualizing techniques are available. The 
two-dimensional Fourier transform method (2DFr) is in the 
mainstream. In this 2DFT, a gradient magnetic field is used 
to give a magnetic resonance signal spatial positional infor- 
mation with a phase or frequency, lliis gradient magnetic 
field is superimposed on a static magnetic field having a very 
high strength of several kilogauss to 10 kilogauss (1 tesla). 
For this reason, the gradient coil ^30ol considerably deforms 
at the leading and trailing edges of the gradient magnetic 
field, accompanying large noise. In a current fast imaging 
method represented by the echo planar method, a gradient 
magnetic field is alternated at high speed, the noise some- 
times reaches 100 dB(A). This makes it obligatory for an 
object to wear earplugs or headphones. 

To reduce such large noise, a proposal for suppressing the 
leakage of noise to the outside by housing a gradient coil 
spool in a sealed vessel has been disclosed in, for example, 
in Jpn. Pat. Appln. KOKAI Publication No. 63-246146, Jpn. 
Pal. Appln. KOKAI Publication No. 6-189932, U.S. Pat. No. 
5,793,210, and Jpn. Pat. Appln. KOKAI Publication No. 
10-118043 (Jpn. Pat. Appln. No. 8-274609). This sealed 
vessel is firmly formed by nonmagnetic aluminum or stain- 
less steel to ensure sufficient pressure resistance. 

Since these materials are conductive, they cause magnetic 
coupling with respect to leakage magnetic fields from the 
gradient coil. Obviously, if a so-called active shield gradient 
coil having a main coil surrounded by a shield coil is used, 
a leakage magnetic field can be sufficiently suppressed. 
However, il is inevitable that magnetic fields leak from the 
two ends of the main coil at which the shield coil ends. 
Owing to the above magnetic coupling, an eddy current 
flows in the sealed vessel. Tlie sealed vessel itself then 
deforms because of this eddy current, which in tura causes 
noise. 

According to these conventional sound insulating 
methods, although the air-born propagation of noise can be 
prevented by a vacuum state, the solid-bom propagation of 
noise due to contact for fixing operation cannot be pre- 
vented. This solid -bom propagation generates a large sound. 
Thai is, these methods have noi provided satisfactory mea- 
sures against noise. Although a method of suppressing 
solid-bom propagation by supporting a gradient coil that 
produces large vibrations at a distance from the floor singly 
is available, if the position of the lower portion of a column 
supporting the gradient coil on the floor slightly shifts, the 
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position of the gradient coO mounted on the upper portion of 
the column greatly shifts because the gradient coU is con- 
siderably spaced apart from the floor. This makes it difficult 
to adjust the position of the gradient coil, and a long period 

5 of lime is required for installation/adjustment, resulting in a 
high cost. In addition, the means for supporting the gradient 
coil and the means for forming a sealed space around the 
gradient coil have complicated arrangements and require 
large numbers of parts. As a consequence, the overall 

10 apparatus has a complicated arrangement and the cost 
increases. 

A technique is also known, which is designed to suppress 
the solid-bora propagation of vibrations of the gradient coil 
itself by supporting the gradient coil through a vibration 
absorbing unit (damper). 

At present, however, the noise reducing effects in these 
conventional magnetic resonance imaging apparatuses are 
concerned with only measures against noise originating 
from a gradient coil, and almost no measures are taken 
against noise caused by other portions, e.g., the vibrations of 
a cable connecting the gradient coil to an external power 
supply. 

In a space (to be referred to as a bore) in which an object 

^ to be examined (patient) is inserted, the sound generated by 
the RF coil instead of the gradient coil is perceived as noise 
by the object. This sound makes the object feel unpleasant 
like noise from the gradient coil. According to the structure 
of a conventional RF coil, however, a conductive pattern is 
bonded to a spool and surrounded by a cover made of a bard 
resin or the like. No measures against the sound generated 
by the RF coil itself have been taken. 

As described, above, various silencing measures have 
recently taken. However, secondary problems have arisen 

35 owing to these silencing measures. As is known well, as one 
of RF coils, a whole body RF coil (to be referred to as a WB 
coil hereinafter) used for whole body imaging is available. 
This WB coil is generally placed closer to a patient than the 
remaining coils in the gantry. The WB coil includes a 

4Q so-called transmitting/receiving coil for generating a spin 
excitation RF magnetic field and receiving an MR signal 
generated in the object and a so-called transmitting coil for 
only generating a spin excitation RF magnetic field, with 
reception being performed by another surface coil. In most 

45 magnetic resonance imaging apparatuses, a gradient coil for 
generating a gradient magnetic field is placed on the outer 
circumferential side of the WB coil. This gradient coil is 
used to apply, lo an object to be examined, a magnetic field 
whose strength linearly changes depending on the position. 

5Q For this purpose, the conductor of the gradient coil has a 
larger number of turns than that of the WB coil described 
above. In addition, the gradient coil must be switched with 
high efficiency in a frequency band much lower than the 
resonance frequency used in the MRI. That is, an energy loss 

55 that cannot be neglected tends to occur in the resonance 
frequency band. 

For the WB coil (resonating at the resonance frequency in 
terms of a circuit), the electric loss caused by that gradient 
coil becomes a load that cannot be neglected, resulting in a 

50 deterioration in the generauon efficiency of an excitation RF 
magnetic field or reception sensitivity. 

Under the circumstances, to suppress the magnetic inter- 
ference between the WB coil and the gradient coil, a 
technique of using a shield (a shield member such as copper 

65 foil) exhibiting a sufficiently low loss with respect to the 
resonance frequency is used (see U.S. Pat. No. 5,367,261). 
This shield is generally grounded. 
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On the other hand, it is known that when a shield is placed 
in this manner, the reception sensitivity of the WB coil is 
degraded by the shield (see, for example, **A Technique of 
Double Resonant Operation of F and H Quadratiu-e Birdcage 
Coils" Magnetic Resonance in Medicine 19, 180-185 
(1991)). However, the loss caused by the mutual interference 
between the WB coil and the gradient coil without any shield 
is higher than the loss caused by the WB coil with the shield. 
For this reason, in most MRI apparatuses, a shield is 
inevitably placed in the above manner. As is obvious from 
the above reference, as the distance between the shield and 
the WB coil increases, a deterioration in the efficiency of the 
WB coil can be suppressed. 

As described above, a shield itself is used as the second 
best means. However, this shield can be easily fixed to a 
potential substantially diflFcrcnt from that of the WB coil. 
So-called "detune" is known, which is a scheme of provid- 
ing an electrical switch between a WB coil and a shield by 
using the above potential setting, and shifting the resonance 
frequency of the WB coil by ON/OFF-controIling the switch 
(see, for example, U.S. Pat. No. 5,053.711). By fixing the 
shield to, for example, zero potential, tbc shield can also be 
used as a zero potential surface for the WB coil and a circuit 
up to the WB coil. 

The gradient coil mechanically vibrates due to an elec- 
tromagnetic force acting when the coil is driven, and hence 
becomes a sound (noise) source. An apparatus designed to 
reduce this sound is also known, which has a structure in 
which a gradient coil is sealed in a cylindrical vessel whose 
internal pressure is controlled to a level substantially lower 
than the atmospheric pressure to suppress air-bom sound 
propagation (see, for example, U.S. Pat. No. 5,793,210). 

No suitable, specific proposal has not been made with 
regard to a case wherein the above shield is placed in such 
a silent type MRI apparatus. 

If the conventional shield placement method is directly 
applied to a silent type MRI apparatus, the following 
arrangement can be expected. First of all, a WB coil is 
placed outside the inner circumferential wall member of the 
vessel, i.e., on the inner circumferential surface side of the 
vessel to place the coil as close to an object as possible so 
as to increase the S/N ratio. A shield is fixed to a given 
potential with respect to the WB coil, and is also used as zero 
potential for a switch and transmission system. The shield 
must therefore be placed outside the inner circumferential 
wall member of the vessel, i.e., on the inner circumferential 
side of the vessel. This is because, when the shield is to be 
used for these purposes, electric connection to the shield is 
preferably made near the WB coil. As a consequence, the 
WB coil, shield, vessel (in which the gradient coil is sealed), 
and static magnetic field magnet are arranged in the order 
named when viewed from the object in the radial direction 
of the magnet. 

If, however, the shield is placed outside the inner circum- 
ferential wall member of the vessel, i.e., on the inner 
circumferential side of the vessel, in this manner, the dis- 
tance between the WB coil and the shield in the radial 
direction of the magnet becomes smaller than that in the 
conventional structure without any vessel by the thickness of 
the vessel (the total thickness of the inner circumferential 
wall member and outer circumferential wall member) under 
the condition that the size of the overall gantry in the radial 
direction remains the same. As described above, this may 
increase the loss caused by the WB coil and cause a serious 
deterioration in function. 

Furthermore, if the gradient coil is housed in the vacuum 
vessel in the above manner, since the discharge starting 
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voltage in the vacuum vessel decreases, electric discharge 
tends to occur. At present, however, no measures have been 
taken against such electric discharge. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to improve the 
silencing ability of the gantry of a magnetic resonance 
imaging apparatus. 

It is another object of the present invention to properly 
' place a shield for preventing electric and magnetic interfer- 
ence between a WB coil and a gradient coil in a silent type 
MRI apparatus. 

It is still another object of the present invention to 
improve the insulating performance of electric connecting 
portions, e.g., the connection portion between a cable and a 
gradient coil in a sealed vessel. 

The gantry of a magnetic resonance imaging apparatus 
includes a static magnetic field magnet, a gradient coil, a 
20 high-frequency coil, and a sealed vessel housing the gradient 
coil. The sealed vessel is made of a nonconductive material. 
Even if a gradient magnetic field is switched at high speed, 
no eddy ciurent flows in the sealed vessel. Tliereforc, the 
sealed vessel does not vibrate. 
25 Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen- 
30 talities and combinations particularly pointed out hereinaf- 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate presently 
preferred embodiments of the invention, and together with 
the general description given above and the detailed descrip- 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 is a cross-sectional view of a gantry in Embodi- 
ment 1 of the present invention; 

FIG. 2 is a longitudinal sectional view of the gantry in 
45 Embodiment 1; 

FIG. 3 is a longitudinal sectional view of the gantry in 
Embodiment 2; 

FIG. 4 is a sectional view of a coupling plate for an inner 
cable in a sealed vessel and an outer cable in Embodiment 
50 2; 

FIG. 5 is a sectional view of a ring-like antivibration 
member A in FIG. 4; 

FIG. 6 is a perspective view of an antivibration member 
B in FIG. 4; 

FIG. 7A is a cross-sectional view of a gantry in Embodi- 
ment 3; 

FIG. 7B is a longitudinal sectional view of the gantry in 
Embodiment 3; 

FIG. 8 is a sectional view of a joint portion between a side 
surface of a static magnetic field magnet and the cover of a 
sealed vessel in Embodiment 3; 

FIG. 9 is a sectional view of a join portion between the 
cover and an inner cylinder (line) in Embodiment 3; 
65 FIG. 10 is a sectional view of a joint portion between a 
side surface of the stau'c magnetic field magnetic and the 
cover of the sealed vessel in Embodiment 3; 
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FIG. 11 is a sectiooal view of a joiot portion betwceo a FIG. 40A is a perspective view of a sealed vessel accoid- 

side siirface of the static magnetic field ^nagoetic and the ing to the seventh embodiment; 

cover of the sealed vessel in Embodiment 3; FIG. 40B is a front view of a sealed vessel accx>rdiQg to 

FIG. 12 is a sectional view of a joint portion between the the eighth embodiment; 

cover and the inner cylinder (liner) in Embodiment 3; 5 pjQ ^ partial sectional view of the closed vessel 

FIG. 13 is a longitudinal sectional view of a gantry in according to the eighth embodiment; 

Embodiment 3; FIG. 40D is a magnified view of a part of the eighth 

FIG. 14 is a longitiidin^l sectional view of a gantry in embodiment; 

Embodiment 4-1; FIG. 41 is a perspective view of a sealed vessel according 

FIG. IS is a cross-sectional view of the gantry in Embodi- to the ninth embodiment; 

ment 4>1; FIG. 42 is a cross-sectional view showing how the sealed 

FIG. 16 is a partial sectional view of FIG. IS; vessel in FIG. 41 is joined to a sUtic field magnet vessel; 

FIG. 17 is a cross-sectional view showing the positional FIG. 43 is a longitudinal sectional view of the cryostat of 

relationship between a WB coil, a shield, and a mirror-image 15 a static field magnet according to the 10th embodiment; 

coil in Embodiment 4-1; FIG. 44 is a view showing the internal structure of a 

. FIG. 18 is a circuit diagram showing a conventional dynamic vibration absorber in FIG. 43; 

detune circuit; FIG. 45 is a view showing the internal structure of a cold 

FIG. 19 is a circuit diagram showing a detune circuit head portion in another example of the 11th embodiment; 

according to Embodiment 4-2; 20 FIG. 46 is a longitudinal sectional view of a gantry 

FIG. 20 is a perspective view of a shield according to according to the 11th embodiment; 

embodiment 4-3; FIG. 47 is a longitudinal sectional view of a gradient field 

FIG. 21 is a perspective view of another shield according coil unit according 10 the 12th embodiment; 

to Embodiment 4-3; ^ FIG. 48A is a perspective view showing the principle of 

FIG. 22 is a sectional view showing alignment between a the occurrence of noise radio waves in the 13lh embodiment; 

WB coil, the inner wall of a vessel, and a shield; FIG. 48B is a perspective view showing the principle of 

FIG. 23 is a sectional view showing another alignment the occurrence of noise radio waves in the 13th embodiment; 

between the WB coil, the inner wall of the vessel, and the fIG, 49 is a view showing a tuner copper plate and its 

shield; 30 connection parts in the 13th embodiment; 

FIG. 24 is a sectional view showing still another align- FIG. 50 is a view showing an example of how metal parts 

ment between the WB coil, the inner wall of the vessel, and are connected to each other in the 13th embodiment; 

the shield; FIG. 51 is a view showing another example of how metal 

FIG. 2S is a sectional view showing the positional rela- parts are connected to each other in the 13th embodiment; 

tionship between a WB coil, a coil, and a gradient coil in the 35 52 is a view showing an example of how metal parts 

prior art; insulated/connected from/to each other in the 13th 

FIG. 26 is a view showing the arrangement of a magnetic embodiment; 

resonance imaging apparatus according 10 Embodiment 5-1; pjc, 53 is a view showing another example of how metal 

FIG. 27 is a perspective view showing the components of parts are insulated/connected from/to each other the 13th 

an RF coil in Embodiment 5-1; embodiment; 

FIG. 28 is a cross-sectional view of the RF coil in FIG. 54 is a view showing still another example of how 

Embodiment 5-1; metal parts are insulated/connected firom/to each other the 

RG. 29 is a partial sectional view of the RF coil in 13th emtx)diment; 

Embodiment 5-1; 45 FIG. 55 is a perfective view of an RF shield according 

FIG. 30 is a secuonal view of a joint portion of the cover to the 14th embodiment; 

of the RF coil in Embodiment 5-1; FIG. 56 is a longitudinal sectional view of the gantry of 

FIG. 31 is a view showing an antivibration structure for a magnetic resonance imaging apparatus according to the 

an electric part of the RF coil in Embodiment 5-1; 15th embodiment; 

FIG. 32 is a cross-sectional view of an RF coil according ^0 FIG. 57 is a system diagram of a vacuum pump for a 

to Embodiment 5-2; sealed vessel according to the 16th embodiment; 

FIG. 33 is a partial sectional view of the RF coil according FIG. 58 is a graph showing changes in pressure in the 

to Embodiment 5-2; sealed vessel in the 16th embodiment; 

FIG. 34 is a longitudinal sectional view of a gantry in FIG. 59 is a timing chart of ON/OFF operation of the 

Embodiment 6; vacuum pump and the opening/closing of valves in the 16tb 

FIG. 35 is a sectional view of a cable coupling plate in embodiment; 

FIG. 34; FIG. 60 is a view showing the arrangement of the main 

FIG. 36 is a view showing the components of a cable part of a magnetic resonance imaging apparatus according to 

terminal in FIG. 35; ^0 Ihe 17lh embodiment; 

FIG. 37 is a view showing the basic arrac^ement of a FIG. 61 is a view showing the arrangement of the main 

magnetic resonance imaging apparatus according to the partof the magnetic resonance imaging apparatus according 

seventh emt)odimeni; to the I8th embodiment; . ... 

FIG. 38 is a longitudinal sectional view of a gantry FIG. 62A is a timing chart showing the first driving 

according to the seventh embodiment; 65 pattern of a vacuimi pump in the 18th embodiment; 

FIG. 39 is an enlarged view ofthe portion encircled by the FIG. 62B is a timing chart showing the second driving 

dashed line in FIG. 38; pattern of the vacuum pump in the 18tb embodiment; and 
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FIG. 62 C is a timing chart showing the third driving 
pattern of the vacuuoi pump in the 18tb embodiment. 

DETAILED DESCRIFHON OF THE 

INVENTION 5 

(Embodiment 1) 

FIGS. 1 and 2 are respectively a cross-sectional view and 
longimdinal sectional view of the gantry of a magnetic 
resonance imaging apparatus according to Embodiment 1. 
The gantry includes a static magnetic field magnetic unit 
1001, gradient coil unit 1041, and RF coil unit 1042. An 
imaging area 1022 having a substantially cylindrical shape 
is formed in substantially the central ponion of the gantry. 
The gantry is fixed on a floor 1021 through a base 1015. 

The static magnetic field magnetic unit 1001 generates a 
static magnetic field in the imaging area 1022, and is 
comprised of, if it is of a superconductive type, a supercon- 
ductive coil, a liquid helium vessel housing the supercon- 
ductive coil, and a sealed vessel 1036 housing the liquid 
helium vessel. The RF coil unit 1042 has an RF coil spool 20 
1017 on which an RF coil pattern is formed. The RF coil 
spool 1017 is held by a cylindrical fiber-reinforced plastic 
liner 1031. 

The gradient coil unit 1041 has a resin coil spool 1002. A 
main coil and a shield coil that shields the outside of the 25 
main coil are formed on the coil spool 1002. The gradient 
coil spool 1002 is housed in a sealed vessel 1003 so as not 
to propagate noise caused by the vibrations of the gradient 
coil spool 1002. The sealed vessel 1009 is forcibly evacu- 
ated by a vacuum pump 1007 coupled to the sealed vessel jq 
1003 via a vacuum pipe 1006 to maintain a vacuum in the 
sealed vessel 1003. Note that the vacuum in the sealed vessel 
1003 need not be a perfect vacuum; the degree of vacuum at 
which air>bora sound insulation can be provided, e.g., sev- 
eral hundred pascals (several Torr), is sufficient. Lxtting PI 35 
be the degree of vacuum of the sealed vessel 1003, a sound 
insulating effect S can be given by 

S-201ogio(/*l/760) [dB] 

If the degree PI of vacuum is 931 pascals (about 7 Torr), 40 
a sound insulating effect of about 40 dB can be obtained. 

This gradient coil is connected to an external gradient 
magnetic field power supply via a cable 1004. A cooling 
water path formed in the gradient coil spool 1002 is con- 
nected to an external cooling unit via a hose 1005. The 45 
gradient coil spool 1002 is supported on the base 1015 via 
antivibration rubber members 1009 and 1010, bolts 1011 
and 1012, arm 1013, and shaft 1014 to minimize the 
mechanical propagation of vibrations of the spool. In 
addition, the shaft 1014 is wound by a bellows 1008. 50 

The inner wall of the sealed vessel 1003 of the gradient 
coil unit 1041 also serves as the liner 1031. A portion 1034 
of the outer wall of the sealed vessel 1003 also serves as the 
inner wall of a cryostat 1036 of the static magnetic field 
magnetic unit 1001. All these shared portions are made of a ss 
nonmagnetic, nonconductive materia] such as a glass-fiber- 
reinforced plastic material by a filament winding method. 
The inner wall portion 1034 of the cryostat 1036 is joined to 
an outer wall portion 1032 of the sealed vessel 1003. This 
joint portion is sealed by an O-ring 1016. The gap between 60 
the outer wall portion 1032 and the iiuier wall 1031 is closed 
with a cover 1033. Likewise, these outer wall portion 1032 
and cover 1033 are made of a nonmagnetic, nonconductive 
material such as a glass-fiber-reinforced plastic material by 
a filament winding method. 65 

The cover 1033 of this sealed vessel 1003 is formed to 
protrude outward in the form of a bowl so as to improve the 
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resistance to the atmospheric pressure, as emphasized by the 
dashed lines in FIG. 2. The inside of the cover 1033 is also 
reinforced by a plurality of ribs 1035 in the form of a^grating. 

As described above, since the sealed vessel 1003 is made 
of a nonconductive material, even if a leakage magnetic field 
is produced from the gradient coil, no eddy current flows in 
the sealed vessel 1003. This makes it possible to eliminate 
the noise caused by the deformation of the sealed vessel 
1003 due to the eddy current. 
(Embodiment 2) 

FIG. 3 is a longitudinal sectional view of the gantry of a 
magnetic resonarice imaging apparatus according to 
Embodiment 2. A superconductive coil is boused in a 
cryostat 2001. This superconductive coil serves to give an 
imaging area a homogeneous static magnetic fleld. The static 
magnetic field strength required for general MR imaging 
operation is about 0.1 to 1 tesla. A static magnetic field is 
required to have a ^atial homogeneity of several 10 ppm or 
less^ and the imaging area has a spherical shape with a 
diameter of about 50 cm. 

A gradient coil 2002 is placed in a sealed vessel 1003. The 
gradient coil 2002 serves to give a main magnetic field a 
linear gradient to determine an arbitrary imaging slice or add 
positional information to an RF signal from an object to be 
examined. In general, the gradient coil 2002 is constituted 
by three independent coil sets Gx, Gy, and Gz for generating 
gradient magnetic fields in orthogonal x-, y-, and z-axes. For 
example, the gradient coil 2002 in this embodiment is an 
ASGC (Actively Shield Gradient Coil). The actively shield 
gradient coil is comprised of a main coil for generating 
gradient magnetic field and an active shield coil which is 
placed outside the main coil to generate a magnetic field in 
the opposite direction to the gradient magnetic field gener- 
ated by the main coil so as to prevent it from leaking out of 
the gradient coil. 

An outer cable 2060 placed outside a sealed vessel 2003 
and an inner cable 2008 placed inside the sealed vessel 2003 
connect the gradient coil 2002 housed in the sealed vessel 

2003 to an external power supply. The outer cable 2060 is 
coupled to the inner cable 2008 through a -coupling plate 

2004 attached to the sealed vessel 2003. 

The gradient coil 2002 is supported by four columns 
2013. An antivibration member 2012 and position adjust- 
ment bolt 2011 are placed between the gradient coil 2002 
and each of the four columns 2013. The antivibration 
member 2012 damps the solid vibrations of the gradient coil 

2002. The solid vibrations of the gradient coil 2002 therefore 
hardly propagate to the support anns 1013. The antivibration 
member 2012 is made of rubber. However, the antivibration 
member 2012 may be formed by an air damper or oil 
damper. The position adjustment boll 2011 is used to finely 
adjust the height of the gradient coil 2002. The support arms 
2013 are mounted on shafts 2014 extending upright on the 
base 1015. The circumferential portion of each shaft 1014 is 
sealed by a metal bellows 2019. 

A hold is formed in a side surface of the sealed vessel 

2003. A pipe 1006 is connected to this hole. This connecting 
portion is sealed by an O-ring 2017. The pipe 1006 is 
connected to a vacuum pump 2007. The vacuum pump 2007 
evacuates the sealed vessel 2003. This sets a vacuum state in 
the sealed vessel 2003. The degree of vacuum can be a 
degree at which the air-born propagation of vibration sounds 
generated by the gradient coil 2002 can be prevented. 
Specifically, the degree of vacuum is about several hundred 
pascals. A sound insulating effect is expressed as follows: 

5-201ogio(/>l/a.01325xl0*) (dccibclrdB) 
where PI is the degree of vacuum in the sealed vessel 3. 
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If, for example, ibe degree of vacuum in tbe sealed vessel 
2003 is 1.000 pascals, a sound insulatiog effect of about 40 
dB cao be obtained. 

When tbe gradient coil 2002 is driven, beat is generated. 
To cool the gradient coil 2002, a bellows 2108 for circulating 
cooling water between tbe scaled vessel 2003 and an exter- 
nal heat exchange extends through the sealed vessel 2(H)3. 

An RF coil 2010 is disposed in the gradient coil 2002 
having a cylindrical shape. Tliis RF coil 2010 is a whole 
body RF coil, which transmits a high-frequency (RF) mag- 
netic lield to the object and receives a magnetic resonance 
(MR) signal from the object. 

As described above, in the magnetic resonance imaging 
apparatus according to this embodiment, the gradient coil 
2002 is boused in the sealed vessel 2003. The solid vibra- 
tions of the gradient coil 2002 are damped by the antivibra- 
tion member 2012. The apparatus of this embodiment fur- 
ther includes the following antivibration means. 

FIG. 4 shows a. cross-section of the coupling plate 2004 
for coupling the inner cable 2008 inside tbe sealed vessel 
2003, the outer cable 2060 outside the sealed vessel 2003, 
and the sealed vessel 2003 to each other by clamping them. 
A terminal 2061 of the outer cable 2060 extending from the 
external power supply is fastened to an outer connector 2082 
of the coupling plate 2004 with a screw. The outer connector 
2082 is electrically connected to an inner connector 2083 
protruding inward from the sealed vessel 2003. A terminal 
2081 of the inner cable 2008 extending from a connector 
2021 of the gradient coil 2002 is connected to the inner 
connector 2083. 

A hole H is formed in the sealed vessel 2003. A mount 
plate 2030 having a hole with the same diameter as that of 
the hole H is bonded to the surface of tbe sealed vessel 2003. 
The coupling plate 2004 is fastened to the mount plate 2030 
with a plurality of screws 2051. A ring-like rubber member 
A is fitted in the gap between the mount plate 2030 and the 
coupling plate 2004. As shown in FIG. 5, the rubber member 
A has a substantially trapezoidal shape with a tong-like 
projection. An upper portion T of the member A is pressed 
against the mount plate 2030. A lower portion U is pressed 
against the mount plate 2030 on the sealed vessel 2003 side. 
This rubber member A is formed by a member having, for 
example, a hardness of about 40 and a very small spring 
constant, with the upper portion T being narrower than the 
lower portion U. This rubber member A damps the vibra- 
tions of the cable 2008, thus preventing the vibrations of the 
cable 2008 from propagating to the sealed vessel 2003. Note 
that the vibrations of the inner 2008 are generated by the 
solid-bom propagation of the vibrations of the gradient coil 

2002 and the Lorents force of the capable 2008 itself. 
The rubber member A also serves as an O-ring as a seal 

member. The relatively soft rubber member A having the 
above shape appropriately deforms due to the atmospheric 
pressure. This deformation brings the rubber member A into 
tight contact with the coupling plate 2004 and mount plate 
2030, thus obtainiug a high sealing effect. 

As described above, the rubber member A can prevent the 
vibrations of the coupling plate 2004 from propagating to 
the sealed vessel 2003 at the portion where the coupling 
plate 2004 is attached to the sealed vessel 1003, which 
ponion is formed to introduce a cable. In addition, the rubber 
member A is shaped to seal the hole H of the sealed vessel 

2003 together with the coupling plate 2004 without any gap, 
and hence also serves to seal a vacuum in the sealed vessel 
2003 without adding any new special structure. Note that the 
shape of the rubber member A is not limited to the ring-like 
shape in FIG. 5, and may take any shape as long as it can seal 
the hole H without any gap. 
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In this embodiment, an antivibration means is also pro- 
vided for a portion where tbe coupling plate 2004 is fastened 
to the mount plate 2030 with a screw. More specifically, a 
hole for the insertion of the screw 2051 is formed in tbe 
5 coupling plate 2004. A mbber spacer B having a substan- 
tially cylindrical shape in FIG. 6 is inserted into this hole, 
and the screw 2051 is inserted into a hole in tbe spacer B. 
This spacer B is formed by a member having a very small 
spring constant like the rubber member A described above. 
10 This spacer B can prevent tt^ vibrations of the gradient 
coil 2002 from propagating to the coupling plate 2004 via 
the cable 2008 and can also prevent the vibrations generated 
by the Lorents force of the capable 2008 itself from propa- 
gating to the sealed vessel 2003 via the screw 2061 of the 
IS coupling plate 2004. This makes it possible to reduce the 
noise caused by tbe vibrations of the sealed vessel 2003. 

The above embodiment has the members A and B pro- 
vided for the coupling plate 2004. However, the effect of tbe 
present invention can be obtained by using either of tbe 
20 members. In addition, the present invention can be applied 
to a magnetic resonance imaging apparatus having an 
arrangement in which a gradient coil is not housed in a 
sealed vessel or no vibration absorbing unit is provided for 
a gradient coil. Obviously, a static magnetic field generating 
25 scheme is not limited to the one using the superconductive 
coil, and a gradient coil is not limited to the actively shield 
gradient coil. 
(Embodiment 3) 

FIG. 7A is a cross-sectional view of the gantry of a 
30 magnetic resonance imaging apparatus according to 
Embodiment 3. FIG. 7B is a longitudinal sectional view of 
the gantry. A gantry 3019 has an imaging space S having a 
substantially cylindrical shape, in which a patient is to be 
inserted/placed. An object 3008 to be examined is placed on 
35 a top 3009 and inserted into the imaging space S of tbe 
gantry 3019. The operations of the gantry 3019 and top 3009 
are controlled by a control processing section. Assume that 
the axial direction of the imaging space S is the Z direction, 
and directions perpendicular to tbe Z direction are the X and 
40 Y directions. The gantry 3019 has a static magnetic field 
magnet formed by, for example, a superconductive magnet, 
which generates a static magnetic field in the imaging space 
S, and a cryostat 3001 housing tbe magnet. Tbe cryostat 

3001 is mounted on four leg members 3027 extending 
45 upright from a floor F. The floor F is made of, for example, 

a concrete material having high rigidity. A gradient coil 3002 
and a liner 3004 for ensuring the imaging space S are placed 
in the cryostat 3001. 
The gradient coil 3002 includes x> y and z coils as 
50 windings stacked/impregnated on a spool, and has a sub- 
stantially cylindrical shape as a whole. The gradient coil 

3002 is mounted on the inside of the cryostat 3001 via a 
connecting portion constituted by a support bracket 3005, 
antivibration rubber member 3006, and magnet interface 

55 3007. This portion will be described in detail later. 

The liner 3004 is mounted on the cryostat 3001 via a 
connection portion constituted by an antivibration rubber 
member 3011, a vacuum cover 3003, an O-ring 3010, the 
magnet interface 3007, a bolt 3020, and a washer 3021. Tbe 
60 inner circumferential side of the cryostat 3001, liner 3004, 
and vacuum cover 3003 serve to maintain a-vacuum around 
the gradient coil 3002, which will be described in detail later. 

A vacuum hose 3017 is attached to a portion of the 
vacuum cover 3003, and a vacuum pump 3018 is attached to 
65 an end portion of the hose. 

The connection between the gradient coil 3002 and tbe 
cryostat 3001 will be described in <letail next. 
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The support brackets 3005, each having a subsunliaUy 
arcuated ^ape, are connected to the two ends of the gradient 
coil 3002 in the Z direction with connecting parts such as 
bolts. The support bracket 3005 has a substantially arcuated 
shape conforming to a portion of the gradient coil 3002 
when viewed frona the Z direction, and has a substantially 
L-sbaped cross-section when viewed from the X direction. 
Note that one side of substantially the L-shaped cross- 
section has a length almost equal to ihe thickness of a 
portion between the inner and outer circumferential portions 
of Ihe gradient coil 3002, and a hole for a bolt for connection 
to the gradient coil 3002 is formed in this portion. 

The other side of the L-shaped cross-section is located on 
the inner circumferential side, and two antivibration rubber 
members 3006 are mounted on the outer circumferential 
side. 

The total of four antivibration rubber members 3006 
respectively mounted on the support brackets 3005 on the 
two sides in the Z direction are mounted on the magnet 
interface 3007 having a substantially annular shape and 
joined to the two sides of the cryostai 3001 having a 
superconductive coil cylindrical shape in the z direction by 
welding or the like. The shape of the magnet interface 3007 
may be vertically asymmetrical. 

In this case, the support brackets 3005 and antivibration 
rubber members 3006 are placed in a space below the top 
3009. This allows the sealed space above the top 3009 to 
have a smaller volume than the sealed ^ace below the top. 
Therefore, the upper portion of the vacuum cover 3003 can 
be cut into the imaging space S side. This makes it possible 
to reduce a sense of oppression when the object 3008 is 
inserted into the gantry 3019 while he/she is facing upward. 

Note that the antivibration rubber members 3006 also 
serve to support the weight of the gradient coil 3002 from 
below. 

The support brackets 3005 are provided for the gradient 
coil 3002, and the antivibration rubber members 3006 are 
attached to the support brackets 3005. The magnet interface 
3007 is mounted on the antivibration rubber members 3006, 
and the cryostat 3001 is jointed to the magnet interface 3007. 
Note that the sequence of connection is not specifically 
Umited. 

The connection between ihe cryoslal 3001 and the liner 
3004 will be described in detail ncxi by separately describ- 
ing the connection between the cryostat 3001 and the 
vacuum cover 3003 and the connection between the vacuum 
cover 3003 and the liner 3004, 

FIG. 8 is an enlarged view of the connection portion 
between the magnet interface 3007 mounted on the cryostat 
3001 and the vacuum cover 3003. Tlje cryostat 3001 is 
connected to the vacuum cover 3003 by fixing the vacuum 
cover 3003 to the magnet interface 3007 mounted on the 
cryostai 3001 with the bolt 3020 and washer 3021. 

The vacuum cover 3003 is used to seal the gap based on 
the difference in diameter between the liner 3004 and the 
cryostat 3001 from both sides in the Z direction. The vacuum 
cover 3003 has a substantially annular shape with the outer 
diameter almost equal to the diameter of the cryostat 3001, 
and the inner diameter almost equal to the diameter of the 
liner 3004. 

A substantially annular groove is formed in the vacuum 
cover 3003 on the magnet interface 3007 side to extend 
along the circumference of the vacuum cover 3003. The 
O-ring 3010 is fitted in this substantially annular groove. 
The O-ring 3010 is used to improve the airtightness between 
the vacuum cover 3003 and the magnet interface 3007. A 
bole through which the boll 3020 is turned in is formed in 
the circumference of the vacuum cover 3003. 
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The connection between the vacuum cover 3003 and the 
liner 3004 will be described next. FIG. 9 is an enlarged view 
of the connection portion between the vacuum cover 3003 
and the liner 3004. The antivibration rubber member 3011 is 
placed between the vacuum cover 3003 and the liner 3004. 
The antivibration rubber member 3011 has a substantially . 
annular shape with the inner diameter almost equal to the 
inner diameter of the vacuum cover 3003 and liner 3004, and 
a substantially L-shaped cross-section when viewed from 
the X direction. 

The vacuum cover 3003 and liner 3004 are shaped to 
clamp the sealed vessel 301 from both the Y direction and 
the z direction. 

By clamping the antivibration rubber member 3011 from 
the Z direction, the vacuum cover 3003 and liner 3004 can 
be sealed and coimected to each other with the force 
generated by the pressure difference between the atmo- 
spheric pressure indicted by an arrow A7 in FIGS. 7B and 
9 and the vacuum pressure. 

In addition, by clamping the antivibration mbber member 
3011 from the Y direction, the liner 3004 can be held with 
a force in the Y direction, e.g., the force originating from the 
weight of the liner 3004 or object 3008. 

Each portion of the L-shaped cross-section is set to a 
length that prevents deformation upon application of a 
certain force, e.g., the weight of the liner 3004 or an object 
to be examined, on the liner 3004, and prevents detachment 
of the liner 3004 and vacuum cover 3003. 

A projection portion 3011i2 is formed on the antivibration 
rubber member 3011 at a position to oppc^ the vacuum 
cover 3003 and liner 3004. FIG. 9 illustrates the projection 
portion 3011a in an arcuated shape with the dashed lines to 
show the shape of the projection portion before it is used. 
When the antivibration rubber member 3011 is actually 
used, it is inserted between the vacuum cover 3003 and the 
liner 3004 with the projection portion being fiattened. 

The projection portion 3011a has a substantially annular 
shape extending along the circumference of the antivibration 
rubber member 3011, can seal the vacuum cover 3003 and 
liner 3004, and is used to increase the degree of vaciiimi. 

A flange 30116 having high rigidity and a crank-like 
cross-section in the X direction, which extends along the 
L'Shaped antivibration rubber member 3011, and a substan- 
tially annular cross-section in the Z direction, which sur- 
rounds the imaging space S, is provided on the surface of the 
antivibration rubber member 30011 vdiich is in contact with 
the liner 3004 except for the projection portion 3011a. The 
flange 30116 is provided to prevent the deformation of the 
antivibration rubber member 3011 when the liner 3004 
moves due to an external force, whether to use the flange 
3011/? may determined, as needed. 

The function and effect of this embodiment will be 
described next. 

First of all, the vacuum pump 3018 is activated to 
evacuate the sealed space between the liner 3004 surround- 
ing the gradient coil 3002, the cryoslal 3001, and the vacuum 
cover 3003, thereby creating a vacuum of a predetermined 
value in the sealed space. The above sealed space in a 
vacuum state is provided to prevent the air-bom propagation 
of vibrations (i.e., noise). The degree of vacuum in this space 
may be lower than that in the cryostat 3001 described above, 
and may be several Torr. The sound insulating effect for 
air-bom propagation is given below, when compared with 
air of 1 atmospheric pressure: 

/-20jtlog,o(/'/760) IdBj 

where I is the sound insulating ratio and P is the degree of 
vacuum. If, for example, the degree of vacuum in the sealed 
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Space is about 0.7 Torr, a sound insulating efifect of about 60 
dB can be obtained as compared with sound insulation by air 
of 1 atmo^heric pressure. 

A static magnetic field is generated in the imaging space 
S by a current flowing in the static magnetic field coil placed 
in the cryostat 3001. The object 3008 lying on the top 3009 
is inserted into the imaging space S. At this time, the top 
3009 may be guided/supported by lop rails (not shown) 
provided on the liner 3(M)4. Alternatively, another support 
structure that prevents the weight of the object 3008 from 
being applied to the liner 3004 may be used. 

After necessary preparations, e.g., installation of the RF 
coil and positioning of a slice surface, are made, a diagnosis 
is started. That is, a control command is output from the 
control processing section to each element in the gantry in 
accordance with a desired pulse sequence, and an MR signal 
is received from the object 3008. Image data is then recon- 
structed on the basis of this MR signal. 

In the driving state based on this pulse sequence, a pulse . 
current that steeply rises and falls is supplied to the gradient 
coil 3002. When the pulse sequence is a fast imaging 
sequence, in particular, the polarities of such a pulse current 
are inverted at high speed. Since the gradient coil 3002 is 
placed in a strong static magnetic field, the coil generates an 
electromagnetic force every time a pulse current that 25 
changes at high speed flows in the coil. Vibrations are then 
produced by this electromagnetic force. Since the magnitude 
of the electromagnetic force varies in a compb'cated manner 
in accordance with the positions of the 2c, y, and z coils and 
the like, the gradient coil 3002 generally vibrates in a 30 
complicated mode. 

In this embodiment, even if the gradient coil 3002 
vibrates, since the gradient coil 3002 is placed in the vacuum 
space, there is no possibility that air around the coil vibrates. 
That is, the air-born propagation of vibrations indicated by 
an arrow Al in FIG. 7B is reliably eliminated and 
suppressed, resulting in a great reduction in vibrations 
propagating to the outside. 

In contrast to this, the vibrations of the gradient coil 3002 
try to leak to the outside via the support bracket 3005 by 
solid -bom propagation. However, since various vibration 
absorbing means are also provided for this solid-born propa- 
gation as described above, leakage vibrations are greatly 
reduced. 

First of all, vibrations are absorbed by the antivibration 
rubber members 3006 mounted on the support bradcets3005 
at the two ends in the Z-axis direction which support the 
gradient coil 3002 from the lower end side, and hence the 
propagation of vibrations to the magnet interface 3007 
mounted on the cryostat 3001 is suppressed. Only the 
vibrations that could not be removed by the antivibration 
rubber members 3006 propagate to the magnet interface 
3007. 

The vibrations propagating to the magnet interface 3007 
are guided to the vacuum cover 3003 attached to the magnet 
interface 3007 with the bolt 3020, as indicated by an arrow 
A2 in FIG. 8. The vibrations guided to the vacuum cover 
3003 try to propagate (o the liner 3004, as indicted by an 
arrow A3 in FIG. 9. However, since the antivibration rubber 
member 3011 is placed between the vacuum cover 3003 and 
the liner 3004, the solid-bom propagation of vibrations is 
suppressed, thus greatly reducing vibrations propagating 
from the vacuum cover 3003 to the liner 3004. 

In addition, as described above, the vacuum space is 
sealed by the pressure difference between the atmospheric 
pressure and the vacuum pressure, and the antivibration 
rubber member 3011 is clamped between the vacuum cover 
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3003 and the liner 3004 in the Y direction. With this 
structure, the liner 3004 can be held without using any 
connecting parts such as bolts. 

In general, when a connecting part is used, solid vibra- 
tions propagate through the connecting part. In this case, 
since no connecting parts except for an antivibration rubber 
member are used for the connection between the vacuum 
cover 3003 and the liner 3004, solid-bora propagation can be 
greatly suppressed. 

In this embodiment, 

(1) the air-bom propagation of vibrations (i.e., noise) 
generated by the gradient coil 3002, which greatly 
vibrates in particular, is considerably suppressed by 
generating a vacuum space; 

(2) such vibrations are minimized by tl^ antivibration 
rubber members 3006 placed between the magnet inter- 
face 3007 and the support brackets 3005 provided for 
the gradient coil 3002; and 

(3) the remaining vibrations are also reliably eliminated 
by the antivibration rubber member 3011 between the 
vacuum cover 3003 and the liner 3004. 

This makes it possible to suppress not only overall noise 
in the gantry 3019 but also noise caused by the vibrations of 
the liner 3004 near the object 308, in particular. Even if a fast 
pulse sequence is used, vibrations and noise originating 
from the vibrations of the gradient coil 3002 can be greatly 
reduced. This can properly remove the anxiety or unpleasant 
feeling of the object 3008 located inside the liner 3004. 

In addition, the support brackets 3005 and antivibration 
rubber members 3006 for supporting the gradient coil 3002 
exist only below the top 3009, and the upper portion of the 
vacuum cover 3003 is cut into the imaging space S side to 
produce a large space outside the cover. This makes the 
object feel relaxed. 

The first modification of this embodiment will be 
described next with reference to the views of the accompa- 
nying drawing. Note that the same reference numerals as in 
Embodiment 1 denote the same parts in this modification, 
and a detailed description thereof will be omitted. 

This modification is a modification of the connecting 
portion between the magnet interface 3007 and the vacuum 
cover 3003. FIG. 10 is an enlarged view of this portion. 

In Embodiment 3, the magnet interface 3007 is in contact 
with the vacuum cover 3003, as shovsm in FIG. 8. In this 
modification, a sealing antivibration rubber member 3012 is 
placed between the magnet interface 3007 and the vacuum 
cover 3003. The sealing antivibration rubber member 3012 
serves to seal the gap between the magnet interface 3007 and 
the. vacuum cover 3003. The sealing antivibration rubber 
member 3012 is firmly clamped and fixed between the 
magnet interface 3007 and the vacuum cover 3003 with the 
pressure difference between the atmo^heric pressure and 
the vacuum pressure. 

The sealing antivibration rubber member 3012 has a 
projection portion 3012a. 

The projection portion 3012a is formed at a position to 
oppose the vacuum cover 3003 and magnet interface 3007. 
The projection portion 3012i2 has a substantially annular 
shape extending along the circumference of the sealing 
antivibration rubber member 3012, can seal the vacuum 
cover 3003 and magnet interface 3007, and is used to 
increase the degree of vacuum. The sealing antivibration 
rubber member 3012 has 9 s'jbstantially annular shape 
surrounding the imaging space S. 

When the sealing antivibration rubber member 3012 is 
used, as indicated by an arrow A4 in FIG. 10, vibrations try 
to propagate from the magnet interface 3007 to the vacuum 
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cover 3003, but the solid-born propagation of vibrations is 
suppressed by the sealing antivibration rubber member 
3012. 

In addition, a washer-type antivibration rubber member 
3014 may be placed between the washer 3021 and the 
vacuum cover 3003. If the antivibration rubber member 
3014 is used, as indicated by an arrow A5 in FIG. 8, 
vibrations try to propagate from the magnet interface 3007 
to the vacuum cover 3003 via the bolt 3020 and washer 
3021, but the solid-bom propagation of vibrations is sup- 
pressed by the antivibration ruU>er member 3014. 

Although the use of the antivibration rubber member 3014 
increases the antivibration efifect, whether to use this com- 
ponent may be determined, as needed. 

In this modification, by using the sealing antivibration 
rubber member 3012 between the vacuum cover 3003 and 
the magnet interface 3007, in addition to the efifect of 
Embodiment 3, the vacuum cover 3003 and magnet inter- 
face 3007 can be sealed without using any O-ring , and at the 
same time, solid vibrations from the magnet interface 3007 
to the vacuum cover 3003 can be suppressed, thereby further 
suppressing the noise caused by vibrations. 

The second modification of Embodiment Bwill be 
described next with reference to the views of the accompa- 
nying drawing. Note that the same reference numerals as in 
Embodiment 3 and the first modification denote the same 
parts in this modification, and a detailed description thereof 
will be omitted. 

This modification is a modification of the connecting 
portion between the magnet interface 3007 and the vacuum 
cover 3(MI3. FIG. U is an enlarged view of this portion. In 
this modification, by using bolts 3022 and washers 3023, 
brackets 3015 each having a substantially L-shaped cross- 
section when viewed from the X direction, are placed closer 
to the outer circumferential side than the portion where the 
bolt 3020 of the magnet interface 3007 is attached in the first 
modification. When viewed firom the Z direction, each 
bracket 3015 is located below the vacuum cover 3003 and 
supports the weight of the vacuum cover 3003. A support 
antivibration rubber member 3016 is placed between the 
bracket 3015 and the vacuum cover 3003. 

The weight of the vacuum cover 3003 can be sufiSciently 
supported by the brackets 3015 via the support antivibration 
rubber members 3016 placed below the vacuum cover 3003. 
The brackets 3015 and support antivibration rubber mem- 
bers 3016 need not be arranged along the entire circumfer- 
ence of the vacuum cover 3003. For example, like the 
antivibration rubber members 3006 used to support the 
weight of the gradient coil 3002 in FIGS. 7A and 7B, these 
components may be placed at two portions below the 
vacuum cover 3003 (two portions in the Z direction; a total 
of four portions). 

As indicated by an arrow A6 in FIG. 8, vibrations try to 
propagate from the brackets 3015 to the vacuum cover 3003, 
but the propagation of vibrations . is suppressed by the 
support antivibration rubber members 3016. 

A height adjustment function (not shown) for each sup- 
port antivibration rubber member 3016 exists between the 
support antivibration rubber member 3016 and the bracket 

3015. In assembling the apparatus, the vacuum cover 3003 
is mounted on each support antivibration rubber member 

3016, and the height is adjusted by the height adjustment 
function to center the vacuum cover 3003. The vacuum 
cover 3003 is then lightly fastened with the bolt 3020, and 
a vacuum is produced. As a consequence, the sealing anti- 
vibration rubber member 3012 is firmly pressed from two 
sides by the vacuum cover 3003 and magnet interface 3007 
and sealed. 



As each support antivibration rubber oocmber 3016, a 
rubber member having relatively high rigidity is required to 
support the weight of the gradient coil 3002 weighing 
several 100 kg or more. By partly supporting the gradient 

5 coil 3002, the contact area can be reduced to effectively 
reduce the propagation of vibrations. Since the force applied 
to the sealing antivibration rubber member 3012, which is 
placed around the entire circumference of the vacuum cover 
3003 and has a large contact area, per unit area is not so large 

10 as that applied to the support antivibration rubber member . 
3016, a rubber member having relatively low rigidity is used 
as the sealing antivibration rubber member 3012 to efifec-- 
lively suppress the propagation of vibrations. 

In this modification, in addition of the effects of Embodi- 

15 ment 3 and the first modification, even if a heavy weight is 
applied to the vacuum cover 3003, vibrations can be sup- 
pressed as in Embodiment 3 and the first modification while 
the vacuum cover 3003 is reliably supported. 

The third modification of Embodiment 3 will be described 

20 next with reference to the views of the accompanying 
drawing. Note that the same reference numci-als as in 
Embodiment 3 denote the same parts in this modification, 
and a detailed description thereof will be omitted. 

This modification is a modification of the -connecting 

25 portion between the vacuum cover 3003 and the liner 3004, 
FIG. 12 is an enlarged view of this portion. Embodiment 3 
uses the antivibration rubber member 3011 having both the 
seahng function and the support function. In contrast to this, 
this modification separately uses a support antivibration 

30 rubber member 3025 for supporting the weight of the liner 
3004, and a sealing antivibration rubber member 3024 for 
sealing the liner 3004. The support antivibration rubber 
members 3025 need not be arranged on the entire circum- 
ference of the liner 3004. For example, like the antivibration 

35 rubber members 3006 used to support the weight of the 
gradient coil 3002 in FIGS. 7Aand 7B, support antivibration 
rubber members 3025 may be placed at two portions below 
the liner 3004 (two portions in the Z direction; a total of four 
portions). 

40 The sealing antivibration rubber member 3024 surrounds 
the imaging space S in a substantially annular form, and is 
firmly clamped and fixed between the vacuum cover 3003 
and the liner 3004 with the pressure difference between the 
atmospheric pressure and the vacuum pressure. In addition, 

45 to ensure the sealing between the vacuum cover 3003 and 
the liner 3004 and increase the degree of vacuum, a projec- 
tion portion 3024a may be formed on the sealing antivibra- 
tion rubber member 3024 at a position to oppose the vacuum 
cover 3003 and liner 3004. 

50 In addition to the effect of Embodiment 3, the deformation 
of the antivibration rubber member 3011 can be prevented 
without providing any fiange having high rigidity by using 
a rubber member having relatively high rigidity as the 
support antivibration rubber member 3025 having a small 

55 contact area and a rubber member having relatively low. 
rigidity as the sealing antivibration rubber member 3024 
having a large annular contact area. In addition, the propa- 
gation of vibrations can be effectively suppressed by adjust- 
ing the rigidity of the support antivibration rubber member 

60 3025 and sealing antivibration rubber member 3024. 

The fourth modification of Embodiment 3 will be 
described next with reference to the views of the accompa- 
nying drawing. Note that the same reference numerals as in 
Embodiment 3 denote the same parts in this modification, 

65 and a detailed description thereof will be omitted. 

This modification is a modification of the connection 
portion between the gradient coil 3002 and the cryostat 
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3001. FIG. 13 is an enlarged view of this portion. Referring 
to FIG. 13, the connection portion between the magnet 
interface 3007 and ibe vacuum cover 3003 is identical to that 
in the second modification. 

In this modification, one, two, or more antivibration 
rubber members 3026 are arranged below the gradient coil 
3002 at each of the two ends in the Z direction. Each 
antivibration rubber members 3026 is pressed by the weight 
of the gradient coil 3002 and connected to the cryostat 3001 . 
A portion and its neighboring portion of the cryostat 3001 
with which each antivibration rubber members 3026 comes 
into contact are formed into a structure having rigidity high 
enough to support the weight of the gradient coil and 
suppress vibrations propagating to the antivibration rubber 
members 3026. 

In this modification, in addition to the efifect of Embodi- 
ment 3, the present invention can be practiced Vkdihout using 
the support brackets 3005 used in Embodiment 3, and hence 
a reduction in cost can be attained with a very simple 
arrangement. 

In the above embodiment and its modifications, since a 
rubber material is suited for each anlivibralion member 
having the sealing function in addition to the antivibration 
function, the antivibration rubber member has been exem- 
plified as an antivibration member. However, the present 
invention is not limited to rubber materials, and any member 
can be used as long as it suppresses vibrations. 

In addition, an apparatus including the gradient coil 3002, 
vacuum cover 3003, and liner 3004 can be attached as a 
gradient magnetic field unit to an existing magnetic reso- 
nance imaging apparatus having a static magnetic field coil 
left in a gantry. In this case, the static magnetic field coil in 
the existing magnetic resonance imaging apparatus can be 
used. 

In Eml>odiment 3 and the four modifications described 
above, the annular vacuum cover 3003 is used for the sealed 
vessel for holding a vacuum state set around the above 
gradient magnetic field generating means. However, the 
shape of the vacuum cover is not specifically limited as long 
as it can set a vacuum state. 
(Embodiment 4-1) 

Embodimenl 4-1 will be described with reference to 
FIGS. 14 to 17. FIG. 14 shows a gantry 4001 of an MRI 
apparatus. This gantry 4001 is of a so-called silent type 
having a gradient coil sealed in a sealed vessel. 

The gantry 4001 has a substantially cylindrical shape as a 
whole and a bore serving as a diagnosis space S. In a 
diagnosis, an object P to be examined is placed on the bed 
top (not shown) and inserted into the space of the gantry. 
Assume that the major axis direction of the gantry is the 
Z-a xis of a rectangular coordinate system. 

A cylindrical superconductive magnet 4011 is placed on 
the floor at the outermost side of the gantry 4001 in the radial 
direction (X-Y plane direction). This magnet 4011 is con- 
nected to a static magnetic field power supply (not shown) 
and serves to generate a static magnetic field in the diagnosis 
space S. At least the size of the demuitiplxer 401 in the radial 
direction is equal to that in an apparatus having no silencing 
mechanism by a sealed vessel (to be described later). 

A sealed vessel 4012 is placed on the inner circumferen- 
tial side of the superconductive magnet 4011 while the 
vessel is supported on the magnet. -This vessel 4012 is 
formed into a cylindrical shape having an internal space IS 
surrounded by an outer circumferential wall member 4012A, 
inner circumferential wall member 4012B, and side surface 
member 4012C as a whole. The sealed vessel 4012 is 
disposed such that its axial direction coincides with the 
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Z-axis direction. The thickness of the internal ^aoe IS in the 
radial direction is set to a proper value that allows a gradient . 
coil assembly (to be described later) to be sealed without any 
contact with the wall members (excluding the support 
S portions). The vessel 4012 is coupled to a vacuum pump (not 
shown), and the air pressure (vacuum) in the vessel is 
adjusted to be substantially lower than the atmospheric 
pressure in a diagnosis. 

As shown in FIG. 14, an assembly of a gradient coil 4013 
10 is placed in the internal space IS of the sealed vessel 4012. 
In this case, this gradient coil 4013 is an actively shield 
gradient coil (ASGC). More specifically, as shown in FIG. 
16, this coil assembly is designed such that primary and 
secondary coils corresponding to X, Y, and Z channels are 
IS laminated around a cylindrical resin ^)ool 4013A in an 
insulated state (these laminated winding coils are represen- 
tatively denoted by reference numeral 4013B). The overall 
structure is also formed into a substantially cylindrical 
assembly. The primary and secondary coils corresponding to 
20 the respective channels are connected to gradient magnetic 
field power supplies (not shown) in units of channels. With 
this actively shield gradient coil, the magnetic fields gener- 
ated by driving the coil hardly leak out to the outside in the 
radial direction. 

25 AS shown in FIGS. 14 and 15, in this internal space IS, 
the assembly of the gradient coil 4013 is supported on the 
outer circumferential wall member 4012A by a plurality of 
support portions 4015 through an elastic member 4014. A 
feeder (not shown) to this gradient coil 4013 hermetically 

30 extends through a portion of the sealed vessel 4012. . 

In the internal space IS of the vessel 4012, a shield 4016 
is bonded to the assembly inner circumferential surface of 
the gradient coil 4013. For example, this shield is made of 
copper foil having a thickness of about 35 ftm. In, this 

35 embodiment, the shield 4016 is connected to a ground lead 
(not shown) hermetically, extending through the vessel 4012 
to be grounded outside the vessel. Note that the shield 4016 
may take a non -grounded form to have an equipotential 
structure in which the lines connected to the shield 4016 and 

40 a WB coil 4017 are hermetically extracted from the vessel 
and are connected to each other at the remotest position. 

The shield 4016 has the function of suppressing electric 
and magnetic mutual interference between the gradient coil 
4013 and the WB coil to be described later. The position of 

45 this shield 4016 is one of the characteristic features of this 
embodiment. 

The WB coil (whole body RF coil) 4017 serving as an RF 
coil is placed outside the inner circumferential wall member 
4012B of the sealed vessel 4012, i.e., in the diagnosis space 

50 S, so as to surround the object P. This WB coil 4017 is a 
transmitting/receiving RF coil. 

The gantry 4001 of this embodiment has the above 
arrangement. With the arrangement, the shield 4016 prop- 
erly eliminates or suppresses the magnetic and electric 

55 mutual interference between the WB coil 4017 and the 
gradient coil 4013 as in the prior art. 

In addition, since the assembly of the gradient coil 4013 
is sealed in the vessel 4012 in a substantially vacuum state, 
the amount of air-born propagation from the gradient coil 

60 4013 to structures outside the. coil, especially the magnet. 
4011, is considerably suppressed during a diagnosis. This 
greatly suppresses the generation of sound (noise) caused 
when the magnet 4011 vibrates together with the gradient 
coil 4013 as a vibration source. 

65 The shield 4016 is mounted at the remotest position in a 
physically allowable range when viewed from the WB coil 
4017, i.e., on the inner circumferential surface of the gra- 
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dient coil 4013 (the distance in this case is equal to a radius 
rl in FIG. 8). This mounting posiu'on of the shield 4016 is 
remoter than the optimal mounting position estimated from 
the prior art when viewed from the WB coil 4017, i.e., a 
position outside the inner circumferential wall member 
4012B of the vessel 4012 (this distance is equal to a radius 
r2 in FIG. 8) by a distance ''rl-^**. As a consequence, the 
efiBciency of the WB coil is properly maintained or 
improved. 

This reason will be described in deuil below. As is also 
obvious from the above reference "Magnetic Resonance in 
Medicine 19, 180-185 (1991)", positioning the shield 4016 
outside the WB coil 4017 amounts to placing a virtual 
mirror-image coil at the position defined by Rm«Rsh2/Rwb 
(where Rwb is ibc inner diameter of the WB coil and Rsh is 
^e inner diameter of the shield) in the opposite direction to 
the magnetic field generated by the WB coil. A magnetic 
field that reaches the object P corresponds to this difference 
"the magnetic field generated by the WB coil -the harmonic 
magnetic field generated by the mirror-image coil'*. The 
strength of the magnetic field generated at a central point by 
each coil is proportional to about "1 /inner diameter of coil". 

If, therefore, the shield is placed at the remotest position 
from the WB coil, the magnetic field generated at the central 
position by the virtual mirror-image coil can be reduced. As 
a consequence, the difference "the magnetic field generated 
by the WB coil-the harmonic magnetic field generated by 
the mirror-image coil" is increased. TTierefore, the magnetic 
field substantially generated for the object by the WB coil 
(="lhe magnetic field generated by the WB coil-the har- 
monic magnetic field generated by the mirror-image coil") 
increases. This makes it possible to maintain the RF mag- 
netic field transmission eflSciency and MR signal reception 
efficiency of the WB coil 4017 at levels equal to or higher 
than those in a conventional apparatus having no silencing 
mechanism. 

For information, note that the prior art uses a technique of 
placing a shield (shield member such as copper foil) exhib- 
iting a sufiSciently low loss with respect to resonance fre- 
quencies (see, e.g., U.S. Pat. No. 5,367,261), as shown in 
FIG. 25. This shield is generaUy grounded. A comparison of 
this conventional structure will further clarify this embodi- 
ment. 

The mounting position of the shield 4016 in this embodi- 
ment is not Hmited to the assembiy inner circumferential 
surface of the gradient coil 4012 in the sealed vessel 4012. 
For example, the shield 4016 may be mounted at an arbitrary 
position within the space between the inner surface of the 
inner circumferential wall member 4012B of the vessel 4012 
and the assembly inner circumferential surface of the gra- 
dient coil 4012 (sec a radius difference rd in FIG. 15). Even 
if, for example, the shield 4016 is bonded to the inner 
surface of the inner circumferential wall member 40I2B, the 
efficiency of the WB coil 4017 can be improved by at least 
a degree corresponding to the thickness of the wall member 
4012B. 

(Embodiment 4-2) 

Embodiment 4-2 will be described with reference to FIG. 
19. The coil structure of an MRI apparatus according to this 
embodiment is associated with a so-called "detune" mecha- 
nism of putting a WB coil out of a resonance system when 
an RF coil other than the WB coil is to be used. Assume that 
in this embodiment, a shield is grounded via a ground lead 
hermetically extending through a sealed vessel. 

For a comparison, FIG. 18 shows a conventional detune 
mechanism, in which a WB coil is electrically connected to 
a shield, switches SW sucb as PIN diodes are inserted 
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between them, and several portions of the WB coil are 
connected to the shield via the switches. Since the shield is 
grounded, the WB coil is grounded accordingly. With this 
mechanism, the resonance frequency of a resonance circuit 

5 changes to be set in, a detuned state. 

If this arrangement is directly applied to the coil strucmre 
of the present invention, since the shield is placed in the 
vessel, routing of interoonoections for electrically coimect- 
ing the WB coil to the shield is complicated, and the number 

10 of interconnections increases. Since these interconnections 
extend through the vessel and are connected to the shield, in 
particular, many parts or large parts are required to keep the 
airtighmess of the vessel, resulting in higher part costs and 
a comphcated strucmre. In addition, the probability of a 

15 decrease in degree of vacuum due to a failure and the like 
increases. 

Under the circumstances, in this embodiment, as shown in 
FIG. 19, switches SW are interposed in series with a WB coil 
4017 and opened in accordance with a command from an 

20 external control circuit. These switches are, for example, 
PIN diodes. By opening the switches SW, the resonance 
frequency of the WB coil 4017 is changed to implement the 
above demne function. 

In this case, as is obvious firom FIG. 19 as well, the WB 

25 coil 4017 need not be connected to a shield 4016 (ground). 
This completely eliminates the necessity of a wiring stmc- 
ture in which connection lines are made to extend through a 
scaled vessel 4012. This makes it possible to avoid an 
increase in the complexity of the vessel structure, a dete- 

30 rioration in reliability with respect to the maintenance of 
airtightness, an increase in part cost, and the like described 
above. 

(Embodiment 4-3) 

Embodiment 4-3 will be described with reference to 
35 FIGS. 20 and 21. The coil strucmre of this embodiment is 
associated with a deaerating structure used when shield is 
bonded. 

A shield 4016, e.g., the copper foil member, is bonded to, 
for example, the assembly inner circumferential surface of a 

40 gradient coil 4017 in a sealed vessel 4012 with a self- 
adhesive. Air bubbles are inevitably generated between the 
shield member and the coil inner surface in this bonding 
process. As the air pressure in the sealed vessel 4012 is 
decreased for the purpose of noise silencing, the air bubbles 

45 expand. As a result, the shield member may deform or peel 
off. 

To prevent this, a gel-like adhesive can be used instead of 
the self-adhesive. This can reduce air bubbles. 

In this embodiment, the shield 4016 is bonded with an 

50 adhesive, and holes and/or slits for deaeration of air bubbles 
are formed in the shield member as measures against the 
generation of air bubbles. FIG. 20 shows an example of the 
shield 4016 having a plurality of holes 4021. FIG. 21 shows 
an example of the shield 4016 having a plurality of slits 

55 4022. Obviously, the holes 4021 and slits 4022 may be 
combined. Each hole and slit may take arbitrary shapes. TTie 
sizes of holes and slits in a portion of the shield at which a 
conductor exists is set to be small enough to be electrically 
negligible, whereas the sizes of holes and slits in a portion 

60 of the shield at which no conductor exists arc set to be 
sufficiently large with importance being placed on deaera- 
tion of air bubbles. 

As a consequence, when the sealed vessel 4012 is 
evacuated, air bubbles that are generated and exist between 

65 the shield 4016 and the inner surface of the gradient coil 
. 4017 can be simultaneously removed via the holes 4021 or 
slits 4022. This makes it possible to prevent peeling or 
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deforroatioD of the shield which occurs when only an 
adhesive is used. 

In order to achieve the object of this embodiment, the 
shield 4016 itself may be made of a fibrous or mesh 
conductive material. 
(Embodiment 4-4) 

Embodiment 4-4 will be described with reference to 
FIGS. 22 and 23. This embodiment is associated with 
positioning of a shield and WB ooil durit^ mounting opera- 
tion or maintenance. The resonance frequency of a shield is 
preferably matched to that of a WB coil. In addition, to 
ensure sensitivity homogeneity, the shield and WB ooil are 
preferably arranged coaxially with a precision of 1 mm or 
less. 

According to the coil structure in this embodiment, 
basically, a WB coil 4017 is placed outside a sealed vessel 
4012, whereas a shield coil 4016 is placed inside the sealed 
vessel 4012. This basic arrangement makes it very difiBcult 
to position them in mounting operation or maintenance. For 
this reason, this embodiment uses an alignment adjusting 
means for facilitating such positioning. 

More specifically, as shown in FIG. 21, small holes 
4017H and 4012H are formed in the WB coil 4017 and an 
inner circumferential inner wall 4012B of the vessel 4012. 
Before the air pres^re in the vessel 4012 is decreased, a 
gage 4023 is inserted into the boles 401 7H and 4012H to 
determine and adjust the position of the WB coil 4017 in the 
radial direction of the vessel while measuring the distance 
between the WB coil 4017 an the shield 4016, as shown in 
FIG. 23. The gage 4023 has a scale. After positioning 
(position adjustment) of the WB coil 4017, a plug 4024 is 
inserted into the hole 4012H of the inner circumferential 
inner wall 4012B, and the air pressure in the vessel 4012 is 
decreased to a desired value. At this time, since the plug 
4024 is drawn into the vessel 4012, it -does not come off. 

This positioning (position adjustment) allows the shield 
4016 and WB coil 4017 to be coaxially arranged with a 
precision of 1 mm or less, thus ensuring sensitivity homo- 
geneity. 

In the above embodiment, a gradient coil 4013 is placed 
in the vessel 4012 and supported thereon, and the vessel 

4012 is supported on a static magnetic field magnet 4011. 
Instead of this structiu-e, for example, the support structure 
disclosed in Jpn. Pat. Appln. KOKAI Pubb'cation No. 
10-118043 (Jpn. Pat, Appln. No. 8-274609) may be used. 
More specifically, the gradient coil 4013 is placed in the 
vessel 4012 and supported by a support means (preferably, 
a support means with an elastic member being interposed) 
different from the static magnetic field magnet 4011 on the 
floor (including foundation portions such as beams installed 
on the floor). In this case, as is apparent, since the support 
means for the gradient coil 4013 extends' through a side wall 
4012C of the vessel 4012, this structure includes a member 
for holding the airtigbtness between the support means and 
the vessel 4012. 

As a result, vibrations propagating from the gradient coil 

4013 to the static magnetic field magnet 4011 by air-born 
propagation can be reduced more reliably, and vibration 
components transmitted from the gradient coil 4013 to the 
static magnetic field magnet 4011 via the structure (the 
support means for the two components and the floor) are 
further reduced because the different support means are used 
for the gradient coil 4013 and static magnetic field magnet 
4011 and are spaced apart from each other on the floor. This 
separate support structures therefore realize a more reliable 
noise silencing effect. In addition, the effect produced by the 
above coil structure can also be obtained. 
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The following are modifications of the above basic 
arrangement. One modification is an arrangement in which 
the WB coil 4017 is placed in the vessel 4012. In this 
arrangement, the shield is set at zero potential to easily allow 

5 electrical connection to the WB coil. The other modification 
is an arrangement in which the inner circumferential wall 
member 4012B of the vessel 4012 is used as a winding 
frame for the WB coil 4017. As described above, the WB 
coil is preferably positioned on the innermost side of the 

10 gantry, and hence the use of the inner circumferential wall 
member as a coil winding frame in this maimer is preferable. 
(Embodiment 5-1) 

FIG. 26 is a block diagram showing the schematic 
arrangement of a magnetic resonance imaging apparatus 

IS according to Embodiment 5-1 of the present invention. A 
static magnetic field magnet 5052, X-axis/Y-axis/Z-axis 
gradient coil 5053, and RF coil 5001 are arranged in a gantry 
5050. The static magnetic field magnet 5052 is formed by 
using a superconductive coil or normal conductive coil. The 

20 X-axis/Y-axis/Zraxis gradient coil 5053 is a coil for gener- 
ating an X-axis gradient magnetic field Gx, Y-axis gradient 
magnetic field Gy, and Z-axis gradient magnetic field Gz. 
The RF coil 5001 is used to generate a high-frequency piilse 
as a selective excitation pulse for selecting a slice and detect 

25 a magnetic resonance signal (MR signal) generated by 
magnetic resonance. An object P to be examined, which is 
placed on the top of a bed 5054, is inserted into an imaging 
area (a spherical area in which an imaging magnetic field is 
formed; a diagnosis can be performed only in this area) in 

30 the gantry 5050. 

The static magnetic field magnet 5052 is driven by a static 
magnetic field control unit 5051. The RF coil 5001 is driven 
by a transmitter 5056 in RF transmission, and is coupled to 
a receiver 5055 in detecting a magnetic resonance signal. 

35 The X-axis/Y-axis/Z-axis gradient coil 5053 is driven by an 
X-axis gradient magnetic field power supply 5057, Y-axis 
gradient magnetic field power supply 5058, and Z-axis 
gradient magnetic field power supply 5059. 

The X-axis gradient magnetic field power supply 5057, 

40 Y-axis gradient magnetic field power supply 5058, Z-axis 
gradient magnetic field power supply 5059, and transmitter 
5056 are driven by a sequencer 5060 to generate the X-axis 
gradient magnetic field Gx, Y-axis gradient magnetic field 
Gy, Z-axis gradient magnetic field CZi and high-frequency 

45 (RF) pulse in accordance with a predetermined pulse 
sequence. In this case, the X-axis gradient magnetic field 
Gx, Y-axis gradient magnetic field Gy, and Z-axis gradient 
magnetic field Gz are mainly used as, for example; a phase 
encoding gradient magnetic field Ge, read gradient magnetic 

50 field Gr, and slicing gradient magnetic field Gs, respectively. 
A computer system 5061 drives/controls the sequencer 5060 
and generates a tomographic image of the object by loading 
the magnetic resonance signal received by the receiver 5055 
and performing predetermined signal processing for the 

55 signal. The computer system 5061 then displays the tomo- 
graphic image on a display unit 5062. 

FIG. 27 shows the RF coil used in the magnetic resonance 
imaging apparatus according to Embodiment 5-1. FIG. 28 is 
a longitudinal sectional view of the RF coil. As is obvious 

60 from FIG. 27, the RF coil 5001 is roughly comprised of an 
upper structural member U and lower structural member B 
which can be separated from each other. These members are 
disposed in an object insertion space (bore) in the magnetic 
resonance imaging apparatus. When the RF coil is to be 

65 used, an imaging target region (a body part of the object, 
e.g., the head, or the whole body) is placed on the lower 
structural member B, and the upper structural member U is 
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jointed lo ihc lower structural member B- With this 
operation, the imaging target region is housed in the cylin- 
drical space defined by the upper structural member U and 
lower structural member B. In this state, the RF-coil 5001 is 
driven by the transmitter 5056 to perform RF transmission 
and reception for magnetic resonance imaging. 

The upper sirucmral member U of the RF coil 5001 
incorporates a spool 5002, conductive pattern 5003, vibra> 
tion suppression member 5007, and sound absorption mem- 
ber 5008. These components are covered with a cover 5004. 
As is apparent from FIG. 28, the lower structural member B 
has a spool 5002, conductive pattern 5003, vibration sup- 
pression member 5007, and sound absorption member 5008 
so as to oppose the upper structural member U. These 
components are covered with a cover 5005. The lower 
- structural member B also has bufifer members 5006 at the 
joints for the upper structural member U. An electric circuit 
unit 5010 including a capacitor forming a resonance circuit 
together with the RF receiving coil 5001 is placed at an end 
of the bottom portion of the lower structural member B. 

A problem in the RF coil 5001 placed in the gradient 
magnetic field application area is that an eddy current is 
generated in the conductive pattern 5003. This problem 
becomes noticeable in fast imaging which accompanies an 
increase in gradient magnetic field strength and fast switch- 
ing. When an eddy current flows in a static magnetic field, 
Lorents force is generated in the conductive pattern 5003, 
and the large vibrations are produced. The following mea- 
sures are taken to reduce noise from the RF coil 5001 
according to the present invention, assuming that the noise 
is mainly caused by the vibrations of the conductive pattern 
5003. In some case, the conductive portion of the electric 
circuit unit 5010 vibrates due to the Lorents force as in the 
case of the conductive pattern 5003 to make noise. This 
embodiment takes measures against this noise as well. 

(1) Sound Insulating Structure between Spool and Cover 
FIG. 29 is a longitudinal sectional view showing part of 

a structure near the conductive pattern 5003 forming the RF 
coil 5001. The spool 5002 is, for example, an insulating 
winding frame made of fiber reinforced plastics (FRP). The 
conductive pattern 5003 formed by, for example, a copper 
wire (Cu) in the form of a thin plate is bonded to the outer 
surface of the spool 5002. As is obvious from FIGS. 27 and 
28 as well, the spool 5002 and conductive pattern 5003 
extend along the longitudinal direction of the cylinder. 

As shown in FIG. 29, a sound insulating member 5008a 
is interposed between an outer cover 5004a and the spool 
5002 including the conductive pattern 5003. In addition, a 
sound insulating member 5008b is interposed between the 
spool 5002 and an inner cover 50046. 

With this structure, even if the conductive pattern 5003 
vibrates to make noise, the noise is absorbed by the sound 
insulating members 5008i2 and 50086 and does not leak out 
via the covers 5004a and 50046. Therefore, proper sound 
insulation can be realized within the covers 5004a and 
50046. As a consequence, noise in the object insertion space 
can be reduced. Note that any material that can absorb 
sounds, e.g., a foamed material, can be used for the sound 
insulating members 5008a and 50086. 

(2) Vibration Suppressing Structure at Cover Joint 

FIG. 30 is a sectional view showing the structure of the 
joint between parts constituting a cover. The cover surface 
has a joint like the one shown in FIG. 30 (not shown in 
FIGS. 27 and 28) between a cover part 5012 and another 
cover part 5013. At this joint, the cover parts 5012 and 5013 
are connected lo each other \aa a bufi"cr memt>er (cushion 
member or vibration absorbing material) 5014. In addition, 
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^ as shown in RGS. 27 and 28, the buffer members 5006 are 
inserted in the joints between the cover 5004 of the upper 
structural member U and the cover 5005 of the lower 
structural member 6. 
5 With this strucmre, vibrations at the joints between the 
cover parts 5012 and 5013 can be suppressed by the buffer 
member 5014, and vibrations at the joints between the cover 
5004 of the upper strucmral member U and the cover 5005 
of the lower structural member B can be suppressed by the 
30 buffer members 5006. Therefore, noise (to be referred to as 
a chatter sound) caused by vibrations at these joints can^be 
reduced. As a consequence, noise in the object insertion 
space can be reduced. 

(3) Sound Insulating Structure in Overall Cover Sound 
15 insulating means in the cover are preferably provided at 

arbitrary .proper portions in addition to the portion between 
the spool and the cover. For example, as shown in FIG. 31, 
a sound insulating member 5008c is placed in a space near 
Uie electric circuit unit 5010 or the like. Like the conductive 
20 pattern 5003, a conductive portion of the electric circuit unit 
5010 may vibrate due to the Lorents force to make noise. 
The sound insulating member 5008c can properly reduce the 
noise in this case. 

(4) Vibration Suppressing Structure in Overall Cover 

25 If the vibration suppression member 5007 is provided for * 
almost the entire wall surfaces in the covers 5004 and 5005 
as shown in FIG. 28, vibrations that produce noise can be 
reliably reduced. This structure is therefore preferable. If 
local, direct vibration suppression and sound insulation 

30 measures against a vibration source such as the conductive 
pattern 5003 will suffice, vibration suppression means for 
the entire inner surface of the cover or a sound insulating 
means like that described in (3) may be withheld. In other 
words, the above four sound insulatingA^ibration suppress- 

35 ing stmctures may be used in combination with each other, 
as needed. 

As described above, in Embodiment 5-1, assuming that 
noise from the RF coil 5001 is caused by the vibrations of 
the conductive pattern 5003, (1) the sound insulating siruc- 

40 ture between the spool and the cover, (2) the vibration 
suppressing structure at the joint of the cover, (3) the sound 
insulating structure in the overall cover, and (4) the vibration 
suppressing structure in the overall cover are used in com- 
bination with each other, as needed, as measures to reduce 

45 the vibrations. 

The noise reducing effect by the silencing mechanism of, 
e.g., housing the gradient coil in the sealed vessel can be 
effectively exploited, and noise from the RF coil 5001 can 
be reduced, thereby greatly improving the silenoing effect in 

so the object insertion space. 
.(Embodiment 5-2) 

Embodiment S-2 is associated with a whole body RF coil. 
This RF ooil is designed to be embedded in a wall surface 
in an object insertion space (e.g., a cylindrical space), and 

55 differs from that in Embodiment 1 in that it has no cover 
outside the central axis of the cylinder. 

FIG. 32 is a longitudinal sectional view showing the 
overall structure of an RF coil according to Embodiment 
5-2. FIG. 33 is an enlarged longitudinal. sectional view of* 

60 part of this coil. Referring to FIG, 32, a spool 5002 is an - 
insulating winding frame made of fiber-reinforced plastics 
(FRP) as in Embodiment 5-1. A conductive pattern 5003 
formed by a copper wire (Cu) in the form of a thin plate is 
bonded to the outer surface of the spool 5002. The spool 

65 5002 and conductive pattern 5003 extend along the longi- 
tudinal direction of the cylinder. The spool 5002 is fixed to 
a wall surface in the object insertion space. 



s 
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As shown in FIG. 33, a reference numeral 5021 denotes 
a buffer member (cushion member or vibration absorbing 
material); and 5020, an inner cover. The bufifer member 5021 
has a thickness slightly larger than the distance between the 
spool 5002 and the inner cover 5020 attached to a wall s 
surface 5030 in the object insertion space (bore). With this 
structure, when the inner cover 5020 is to be attached to the 
wall surface 5030 in the object insertion space (bore), the 
bufifer member 5021 is deformed and properly pressed 
against the surface of the spool 5002 owing to the force from lo 
the inner cover 5020. Even if the conductive pattern 5003 of 
the spool 5002 vibrates due to the Lorents force described 
above or the like; this bufifer member 5021 absorbs the 
vibrations. Therefore, appropriate sound insulation is pro- 
vided on the inner circumferential side of the inner cover 35 
5020 and spool 5002. In addition, since a sound insulating 
member 5008 is provided on the outer circumferential side 
of the spool 5002, even if the conductive pattern 5003 
vibrates to make noise, the noise is absorbed by the sound 
insulating member 5008, thereby further improving the 20 
sound insulating effect. 

According to Embodimenl 5-2 described above, as in 
Embodiment 5-1, the noise reducing efifeci by the silencing 
mechanism of, e.g., housing the gradient coil in the sealed 
vessel can be efifectively exploited, and noise from an RF 25 
coil 5001 can be reduced, thereby greatly improving the 
silencing efifect in the object insertion ^aoe. In addition, in 
Embodiment 5-2, as the contact area between the buffer 
member 5021 and the spool 5002 increases, the sound 
insulating effect improves. This embodiment is therefore 30 
suited for a relatively Urge RF coil such as a whole body RF 
coil. 

(Embodiment 6) 

FIG. 34 is a longitudinal cross-sectional view of the 
gantry of a magnetic resonance imaging apparatus according 35 
to Embodiment 6. Reference numeral 6001 denotes a cry- 
ostat of a superconductive magnet, in which a superconduc- 
tive coil that is set in a superconductive state at an extremely 
low temperature is housed. This superconductive coil gives 
an imaging area a homogeneous static magnetic field. The 40 
static magnetic field strength required for normal MR imag- 
ing is about 0.1 to 1 tesla. Hie spatial homogeneity of a static 
magnetic field is required to be several 10 ppm or less. The 
imaging area has a spherical shape having a diameter of 
about 50 cm. 45 

Reference numeral 6002 denotes a gradient coil housed in 
a sealed vessel 6003 including the inner cylinder of the 
cryostat 6001 as a component. The gradient coil 6002 serves 
to give a main magnetic field a linear gradient so as to 
determine an arbitrary imaging slice or add positional infor- 50 
mation to an RF signal from an object to be examined. In 
general, the gradient coil 6002 is constituted by three 
independent coil sets Gx, Gy, and Gz for generating gradient 
magnetic fields in the orthogonal x-, y-, and z-axis directions 
For example, the gradient coil 6002 of this embodiment is an 55 
ASGC (Actively Shield Gradient Coil). The actively shield 
gradient coil is comprised of a main coil for generating a 
gradient magnetic field and an active shield coil which is 
placed outside the main coil to generate a magnetic field in 
the opposite direction to the gradient magnetic field gener- 60 
ated by the msim coil s6 ai to prevent if frdm Itllting Btit of 
the gradient coil. 

The gradient coil 6002 boused in the sealed vessel 6003 
. is connected to an externa! power supply via an inner cable 
6008 in the sealed vessel 6003 and an outer cable 6060. The 65 
inner cable 6006 and outer cable 6060 are coupled to each 
other via a coupling plate 6004 attached to the sealed vessel 
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6003. Reference numeral 6030 denotes a motmt plate for the 
sealed vessel 6003. The coupling plate 6004 is attached to 
the mount plate 6030. 

The gradient coil 6Q(X2 is mounted on a column 6013 via 
an antivibration rubber member 6012 and position adjusting 
bolt 6011. The antivibration rubber member 6012 made of 
an elastic material may be an air damper or oil damper. The 
antivibration rubber member 6012 damps the solid vibra- 
tions of the gradient coil 6002. This can effectively prevent 
the solid vibrations fi-om propagating to the column 6013 via 
the position adjusting bolt 6011. The position adjusting bolt 
6011 serves to finely adjust the position of the gradient coil 
6002. The coluimn 6013 is mounted on a base 6015 via a 
shaft 6014. 

A vacuum tube 6006 and vacuum pump 6007 are con- 
nected to the sealed vessel 6003 via an 0-ring 6017. A 
vacuum is kept in the sealed vessel 6003 by suction opera- 
tion of the vacuum pump 6007. The degree of vacuum may 
be high enough to prevent air-bom propagation of vibration 
sounds via the gradient coil 6002. More specifically, a 
degree of vacuum of several hundred pascals will sufiBce. A 
sound insulating effect is expressed as follows. Let PI be the 
degree of vacuum (pascal) of the sealed vessel 6003: 

•S-201ogu,(in/1.0132SxlO*) (decibeI:dB) 

If the degree of vacuum in the sealed vessel 6003 is 1,000 
pascals, a sound insulating effect of about 40 dB can be 
obtained. 

A coupler and tube 60018 which cool the heat generated 
by the gradient ooil 6002 with water are connected to the 
sealed vessel 6003 A metal (bellows) 6019 is placed at a 
position on the bottom portion of the sealed . vessel 6003 
which corresponds to the shaft 6014. This ensures a prede- 
termined degree of vacuum and disassembly/assembly per- 
formance. 

An RF coil 6010 is fixed inside the cylindrical gradient 
coil 6002. This RF coil 6010 is a whole body RF coil, which 
transmits a high-frequency (RF) magnetic field to the object, 
and receives a magnetic resonance (MR) signal from the 

object. 

As described above, in the magnetic resonance imaging 
apparatus, the gradient coil 6002 is boused in the sealed ' 
vessel 6003, and the gradient coil 6002 is connected to the 
base 6015 via a vibration absorber (damper), thereby sup- 
pressing the propagation of solid vibrations. 

FIG. 35 is a view showing the terminal connection of 
cables inside/outside the sealed vessel housing the gradient 
coil and the connection of a cable to the gradient ooil in the 
sealed vessel. 

A terminal 6061 of the cable 6060 extending from a power 
supply (not shown) is fastened to an axial conductive portion 
60iB2 of the coupling plate 6004 with a screw. The conduc- 
tive portion 6082 is connected to a relay conductive portion 
60S3 placed in the coupling plate 6004. As is obvious from 
FIG. 34, the relay conductive portion 6083 extends through 
the coupling plate 6004 from the upper surface to the lower 
surface and partly protrudes therefrom. A terminal 6009 of 
the cable 6008 is connected to. this protruding portion. The 
other terminal 6084 of the cable 6009 is connected to a 
terminal of the gradient coil 6002. 

With i^gaf d to the teir'isiihal connection structure of the 
cable 6006 connecting the gradient coil 6002 to the coupling 
plate 6004 in the sealed vessel 6003, the magnetic resonance 
imaging apparatus of this embodiment has the first and 
second characteristic features to be described below. 

An arrangement associated with the connection of the 
cable 6008 to the coupling plate 6004 will be described first. 
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As shown in FIG. 36, one end of the cable 6008 is inserted sealed vessel or an apparatus arrangement in which no 

in the cable terminal 6009 in the form of a socket. In this vibration absorbing unit is provided for a gradient coil. The 

state, the cable terminal 6009 is compressed from six sutic magnetic field generating scheme to be used is not 

directions. As a result, the cable terminal 6009 deforms to limited to a scheme using a superconductive coil. In 

have a hexagonal cross-section. By perfomiing contact 5 addition, obviously, the gradient coil to be used is not limited 

bonding of the cable terminal 6009 by compressing it into a to an actively shield gradient coil, 

hexagonal shape from six directions, the deformation of the (Seventh Embodiment) 

cable terminal 6009 can be suppressed as compared with a The basic arraQgemenl of a magnetic resonaDce imaging 
case where contact bonding is performed from two direc- apparatus will be described first with reference to FIG. 37. 
tions as in general operation. A screw hole S is formed in the lo Tlie magnetic resonance imaging apparatus includes a gan- 
relay conductive portion 6083 mounted on the coupling try 14 having an measurement space in which, an object 
plate 6004, and the cable terminal 6009 compressed in a subjected to image diagnosis is to be inserted/placed, a bed - 
hexagonal shape is directly screwed into the screw hole S. 18 disposed adjacent to the gantry 14, and a control pro- 
This can prevent the screw from loosening due lo the cessing section (computer system) for controlling the opera- 
vibrations of the cable 6008. As described above, as shown IS tions of the gantry 14 and bed 18 and processing MR signals, 
in FIG. 35, the cable 6060 placed outside the sealed vessel Typically, a substantially cylindrical measurement space 
6003 is electrically connected to the cable 6008 placed in the extends through the inner central portion of the gantry 14. 
sealed vessel 6003. With regard to this cylindrical measurement space, the axial 

After the terminal connection portion between the relay direction is defined as a Z direction, and an ' X direction 

conductive portion 6083 and the cable terminal 6009 is 20 (horizontal direction) and Y direction (vertical direction) 

insulated by covering it with a beat-shrinkable tube perpendicular to the Z direction are defined, 

(thermosetting resin) 6010 so as lo completely cover an The gantry 14 has astatic field magnet 1 which receives 

exposed conductive portion, a silicone resin 6012 or the like a current supplied from a static field power supply 2 and 

is potted into a groove formed around the relay-conductive generates a static field HO in the measurement space. This 

portion 6083 of the coupling plate 6004 in advance. With 25 static field magnet 1 is typically formed by a superconduc- 

ihis process, proper, reliable insulation can be performed, tive magnet. The static field magnet 1 has a substantially 

which hardly causes a diflferencc (manufacturing error) cylindrical shape as a whole. A gradient field coil 3 is placed 

depending on the worker in the manufacturing process. in the bore of the static field magnet 1. The gradient field coil 

An arrangement associated with the connection of the 3 is made up of three coils 3jc, 3y, and 32 which indepen- 

cable 6008 to the gradient coil 6002 will be described next. 30 dently receive currents supplied from a gradient field power 

First of all, the cable terminal 6084 connected to the cable supply 4 and generate X-, Y-, and z-axis gradient fields, 

6008 by contact bonding is' covered with an insulating respectively. The gradient field coil 3 is housed in a sealed 

member 6013 like the one shown in FIG. 35. This insulating vessel in which a vacuum or a similar state is maintained by 

member 6013 is made 6/ a resin or the like. The cable a vacuum pump. 

terminal 6084 is exposed inside the cylindrical portion. This 35 A high-frequency (RF coil) 7 is placed inside the gradient 

portion is fixed to a terminal portion of the gradient coil field coil 3. A traiosmitter 8T and receiver 8R are connected 

6002 via a spacer 6014 with a screw 6015. In addition, to the RF coil 7. The transmitter 8T supplies, to the RF coil 

silicone resin 6016 is potted in the contact portion between 7, a current pulse that oscillates at a Larmor frequency to 

the insulating member 6013 and the gradient coil 6002. In excite nuclear magnetic resonance (NMR) under the control 

addition, the silicone resin 6016 is potted in a cylindrical 40 of a sequencer 5. The receiver 8R receives an MR signal 

recess portion of the insulating member 6013 such that the (high-frequency signal) via the RF coil 7, and performs 

screw 6015 is completely embedded in the resin. With this various kinds of signal processes to form a corresponding 

process, proper, reliable insulation can be performed, which digital signal. 

hardly causes a difference (manufacturing error) depending The sequencer 5 is set under the control of a controller 6 

on the worker in the manufacturing process as in the case of 45 for controlling the overall apparatus. An input device 13 is 

the connection of the cable terminal to the relay conductive connected to the controller 6. The operator can select a 

portion 6083. desired pulse sequence from a plurality of kinds of pulse 

In addition, by selecting a highly curable material exhib- sequences in the spin echo method (SE) and echo-planar 

iling a high adhesive property with respect to the insulating imaging method (EPI) through the input device 13. The 

member 6013 for the silicon resin 6016, loosening of the so controller 6 sets the selected pulse sequence in the sequencer 

screw 6015 due to vibrations and the like can be prevented. 5. The sequencer 5 controls the application timings of 

As a coat for the cable 6008, a material exhibiting a high gradient fields in the X-axis, Y-axis, and Z-axis directions, 

adhesive property with respect to a potting agent and high their strengths, the application timing of a high-frequency 

flexibility (e.g., silicone resin) is preferably selected. This magnetic field, amplitude, duration, and the like in accor- 

improves the insulating property and reduces vibrations due 55 dance with the set pulse sequence. 

to the Lorents force generated in the cable, thus improving An arithmetic unit 10 inputs the MR signal (digital data) 

the sound insulating effect. formed by the receiver 8R, and performs processes, e:g.. 

According to this embodiment described above, the con- arrangement of measured data in a two-dimensional Fourier 

necting portion between the relay conductive portion 6083 space formed in the internal memory and Fourier transform 

of the coupling plate 6004 and the terminal 6009 of the cable 60 for image reconstruction, to generate image data and spec- 

6008 and the connecting portion of the cable 6008 to the trum data. A storage unit 11 stores computed image data. A 

gradient coil C002 can be properly and reliably insulated display unit 12 displays an image. 

without causing any operation error in the manufacturing An embodiment of the magnetic resonance imaging appa- 

process. ratus having the above basic arrangement will be described 

Note that the present invention may be applied to a 6S next, 

magnetic resonance imaging apparatus having an apparatus FIG. 38 is a longitudinal sectional view of the gantry of 

arrangement in which a gradient coil is not housed in a the magnetic resonance imaging apparatus according to the 
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scvcnih cmbodimcDt- A gradient field coil 102 may be of a 
non-shield type or active shield type. The gradient field coil 
102 has X, X, and z coils as its windings. These x» X» aod z 
coils are boused in a cylindrical bobbin. 

The gradient field coD 102 having a substantially cylin- 
drical shape is supported on a heavy, concrete gantry base 
125 placed on the floor. The gradient field coU 102 is housed 
in a sealed vessel 133. The sealed vessel 133 has a liner 131 
having a substantially cylindrical shape and forming the 
inner wall of the vessel, and a vacuum cover 132. The back 
surface of the sealed vessel 133 is closed with an inner wall 
117 of a cryostat 116 for setting a sutic field magnet 
(superconductive coil in this case) in a cryogenic environ- 
ment. A side wall 118 of the cryostat 116 is joined to the 
vacuum cover 132 with a joint plate 135. The sealed vessel 

133 is coupled to the gantry base 125 via a vacuum bellows 

134 to keep the sealed vessel 133 airtight. 

the air in the sealed vessel 133 is exhausted by a vacuum 
pump to keep a vacuum or a similar slate in the sealed vessel 
133. This prevents air-bora propagation of noise originating 
from, the gradient .field coil 102. 

An RF coil 103 is placed on the inner surface of the liner 
131. A high-frequency magnetic field is applied to an object 
via the RF coil 103, and an MR signal from the object is 
received. 

In this arrangement, vacuum leakage tends to occur in the 
connection portion between the side wall 118 of the cryostat 
116 and the joint plate 135. To prevent this vacuum leakage, 
an O-ring 108 for vacuum sealing is clamped between the 
side wall 118 of the cryostat 116 and the joint plate 135. 
However, the surface precision of the side wall 118 of the 
cryostat 116 is not very high. For this reason, the contact 
precision between the side wall 118 of the cryostat 116 and 
the O-ring 108 is not very high, and hence the sealing 
performance of the O-ring 108 is not sufficient. 

In contrast to this, according to this embodiment, as 
shown in FIG. 39, an annular flange 106 is welded (reference 
numeral 107) to the side wall 118 of the cryostat 116, and the 
joint plate 135 of the sealed vessel 133 is fixed to the flange 
106 with a bolt 109 via the O-ring 108. The flange 106 can 
be formed with high precision by shaving or the like. Since 
the flange 106 can be brought into contact with the O-ring 
108 properly, the sealing performance of the O-ring 108 can 
be maximized. In addition, since the side wall 118 of the 
cryostat 116 is connected to the flange 106 by welding, the 
connection portion therebetween can be kept airtight. This 
makes it possible to maintain a substantially vacuum state in 
the sealed vessel 133 and properly prevent air-bom propa- 
gation of vibrations and noise. 
■ (Eighth Embodiment) 

FIG. 40A shows an outer appearance of the sealed vessel 
of a gradient field coil according to the eighth embodiment. 
To take a measure against noise, the gradient field coil is 
boused in a sealed vessel 201 held in a substantially vacuum 
state. In this arrangement, therefore, in the prior art, to check 
the position of the gradient field coil, the sealed vessel 201 
must be partly disassembled. 

In contrast to this, according to this embodiment, a pair of 
left and right circular holes are formed in each side wall 207 
of the sealed vessel 201. Windows 202 made of a glass or 
fiber reinforced plastic material that transmits visible light 
are filled in the holes. An operator can easily make a visual 
check on the position of the gradient field coil in the sealed 
vessel 201 from the outside via the windows 202. 

As shown in FIG. 406, a gradient field coil 204 has scale 
marks 206 each indicating the position of the coil. The scale 
mark 206 can be visually checked via the window 202. The 
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operator can objectively grasp the position of the gradient 
field coil 204 relative to a static field 'magnet 205 while 
seeing the scale mark 206. 

As shown in FIG. 40C, leg portions 203 of the sealed 
5 vessel 201 have bases 212. Supports 213 supporting the 
gradient field coil 204 are fitted in boles vertically formed in 
the bases 212 to be vertically movable. Threads are formed 
on the outer surfaces of Ibe supports 213. Screws 215 are 
threadably engaged with the threads at crossing axes. When 
10 a dial 214 on the distal end portion of each screw 215 is 
rotated, the support 213 vertically moves, together with the 
gradient field coil 204, in the sealed vessel 201. This makes 
it possible to adjust the position of the gradient field coil 204 
relative to the static field magnet 205. 
IS In this maimer, the gradient field coil can be visually 
checked from the outside without disassembling the vessel, 
and position adjustment can be performed. This can reduce 
the chances of degrading airtigbtness. Therefore, the vessel 
can be kept airtight, and a sound insulating efifed for 
20 air-borne propagation of vibrations and noise can be 
enbaiiced. 

Further, as shown in FIG. 40D, the side walls 207 of the 
sealed vessel 201 are jointed to the cryostat 217 with the 
joint plates 235. Corners where the joint plates 235 are 

2S jointed to the side walls 207 are rounded ofi*. Corners where 
the joint plates 235 are jointed to the liner of the vessel 201 
are rounded off. Therefore, the vessel 201 can have a 
sufficient strength to atmospheric pressure. 
(Ninth Embodiment) 

30 FIG. 41 shows an outer appearance of the sealed vessel of 
a gradient field coil according to the ninth embodiment. The 
gradient field ooU is boused in a sealed vessel 301. To 
prevent air-born propagation of noise originating from the 
gradient field cdU 102, the air in the sealed vessel 301 is 

35 exhausted by a vacuimi pump to keep a vacuum or a similar 
state in the sealed vessel 301. For this reason, the sealed 
vessel 133 receives an atmospheric pressure. The strength of 
the sealed vessel 133 is therefore important. In the eighth 
embodiment described above, the windows 302 are attached 

40 to the side walls 207 of the sealed vessel 201. In the ninth 
embodiment, to increase the strength of the portion of each 
window 302, a portion of a side wall 304 which surrounds 
the window 302 is formed into a convex portion 303 having 
a round shape like a half pipe, thereby reinforcing tbe 

45 portion around the window 302. 

With this reinforcement, the degree of vacuum (internal 
pressure) in the sealed vessel 301 can be sufficiently 
increased, and hence a sound insulating effect for air-borne 
propagation of vibrations and noise can be enhanced. 

50 As shown in FIG . 42, the sealed vessel 301 has a liner 309 
having a substantially cylindrical shape and forming tbe 
inner wall of the vessel and a vacuum cover 307. The back 
surface of the sealed vessel 301 is closed with the inner wall 
of a cryostat 306 for setting a static field oaagnet 

55 (superconductive coil in this case) in a cryogenic environ- 
ment. A side wall 311 of the cryostat 306 is joined to the 
vacuum cover 307. 

In an actual manufacturing process, a length LI of the 
cryostat 306 may not match with a length L2 of an opening 

60 portion of the sealed vessel 301 in which the cryosiai 306 is 
to be fitted. In this case, the airtigbtness of the sealed vessel 
301 deteriorates, and vacuum leakage occurs. To solve this 
problem, in this embodiment, an annular packing 310 is 
clamped between the liner 309 of the sealed vessel 301 and 

65 the vacuum cover 307. If, therefore, the length LI of the 
cryostat 306 does not. malch with the length L2 of ihe 
opening portion of the sealed vessel 301 in which the 
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cryostat 306 is to be fitted, the lioer 309 of the sealed vessel 
301 is joined to the vacuum cover 307 via the packing 310 
having a proper width. This makes it possible to easily match 
the length LI of the cryostat 306 with the length L2 of the 
opening portion of the sealed vessel 301 in which the 
cryostat 306 is to be fitted. 

The padcing 310 improves the joining precision between 
the sealed vessel 301 and the' cryostat 306 to improve the 
ainightness of the sealed vessel 301. This enhances the 
sound insulating efifect for air-borne propagation of vibra- 
tions and noise. 
(10th Embodiment) 

The gradient field coil is not only a source of vibrations 
and noise in a magnetic gantry. For example, a heat 
exchanger using a superconductive coil as a static field 
magnet produces such vibrations and noise. FIGS. 43 and 44 
are sectional views of a heal exchanger according to this 
embodiment. "A superconductive coil 401 is housed in a 
cryostat 404. The cryostat 404 is configured to surround a 
liquid nitrogen bath housing the superconductive coii 401 
together with liquid nitrogen with a plurality of heat radia- 
tion shields 402. 405, and 406. 

This cryostat 404 has a heal exchanger 407 for absorbing 
heat from the shield 402 and dissipating it outside, llie heat 
exchanger 407 is comprised of a cylinder 408 having a 
bottom portion in contact with the shield 402, a cold head 
411 which is cooled by helium gas He and is used to cover 
the cylinder 408, a displaoer 409 which reciprocates like a 
piston between the bottom portion and the cold head 411 
inside the cylinder 408 with the pressure of helium gas He, 
and a vacuum bellows 410. 

When the di^lacer 409 is located on the bottom portion, 
the displacer 409 absorbs heal from the shield 402. When the 
displacer 409 is located at the top portion, the displacer 409 
transfers heat to the cold head 411. By repeating this 
operation, heat can be dissipated from the shield 402. 

As described above, since the displacer 409 reciprocates 
like a piston inside the cylinder 408, vibrations are pro- 
duced. The vibrations mechanically propagate to the shields 
402, 405, and 406. This produces noise. 

To absorb the vibrations, a dynamic vibration absorber 
414 is mounted on the cold head 411. An elastic member, 
e.g., a spring 412, of the dynamic vibration absorber 414 is 
connected onto the cold head 411 such that the expanding 
direction of the spring 412 is substantially parallel to the 
direction in which the displacer 409 reciprocates like a 
piston. A' weight 413 is connected to the spring 412. As the 
displacer 409 reciprocates like a piston, the weight 413 
moves vertically. With this operation, the vibrations of the 
cold bead 411, originating from the displacer 409, are 
absorbed by the dynamic vibration absorber 414.. As a 
consequence, noise is reduced. 

The displacer 409 moves like a piston at the frequency of 
commercial power. The elasticity of the spring 412 and the 
mass of the weight 413 are set such that the dynamic 
vibration absorber 414 resonates with vibrations originating 
from the displacer 409 moving like a piston at this fre- 
quency. This makes it possible to effective absorb the 
vibrations. 

\^brations can also be reduced by the' following arrange- 
ment. As shown in FIG. 45, two cylinders 408-1 and 408-2, 
two displ&ceis 409-1 and 409-2, and two cold heads 411-1 
and 411-2, i.e., two heat exchangers, are prepared, and the 
two heat exchangers are arranged such that the piston 
motion axes oppose each other, and the displacers 409-1 and 
409-2 are made to move like a piston in opposite phases. 
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(11th Embodiment) 

FIG. 46 is a longitudinal sectional view of the gantry of 
a magnetic resonance imaging apparatus according to the 
11th embodiment. A gradient field coil 502 includes 2L> X> ^od 

s z coils as its windings. These 2, ^ and z coils are housed in 
a cylindrical bobbin. This substantially cylindrical gradient 
field coil 502 is supported on a heavy, concrete gantry base 
525 installed on the floor. The gradient field ooil 502 is 
housed in a sealed vessel 533. The sealed vessel 533 
includes a liner 531 having a substantially cylindrical shape 
and forming the inner wall of the vessel and a vacuum cover 
532. The back surface of the sealed vessel 533 is closed with 
an inner wall 517 of a cryostat 516 for setting a static field 
magnet (superconductive coil in this case) in a cryogenic 
environment. A side wall 518 of the cryostat 516 is joined to 

^5 the vacuum cover 532 with a joint plate 535. The sealed 
vessel 533 is coupled to the gantry base 525 with a vacuum 
bellows 534 to keep the airtightness of the sealed vessel 533. 

The vibrations of the gradient field coil 502 mechanically 
propagate to the sealed vessel 533. The frequency of the 

20 vibrations of the gradient field coil 502 is equal to the 
alternating frequency of a gradient field in a pulse sequence, 
weights 541, 542, 543, and 544 are discretely mounted on 
the liner 531 and vacuum cover 532 such that the liner 531 
and vacuum cover 532 of the sealed vessel 533 do not 

25 resonate with the vibrations of the gradient field coil 502, 
i.e., the natural frequencies of the liner 531 and vacuum 
cover 532 differ from the vibration frequency of the gradient 
field coil 502. 

The weight 544 mounted on the vacuum cover 532 is, for 
30 example, a nonmagnetic metal piece. The annular gel-Uke 
substances 541, 542, and 543 are mounted along the iimer 
wall of the liner 531. The substances 541, 542, and 543 are 
mounted outside an RF coil 503 to prevent.a decrease in the 
Q value of the RF coil 503. 
35 According to this structure, the liner 531 and vacuum 
cover 532 of the sealed vessel 533 do not resonate with the 
vibrations of the gradient field coil 502. Hence, noise is 
reduced. 

Instead of or in addition to mounting the weights on the 

40 liner 531 and vacuum cover 532, the thicknesses of the liner 
531 and vacuum cover 532 may be partly decreased. It is an 
important point of this embodiment that the masses of the 
liner 531 and vacuum cover 532 are partly increased/ 
decreased to shift their namral frequencies. In addition to 

45 shifting the natural frequencies, beams or struts may be used 
to reinforce the structure. 
(12th Embodiment) 

RG. 47 is a longitudinal sectional view of the gantry of 
a magnetic resonance imaging apparatus according to the 

so 12th embodiment. A gradient field coil 602 includes 2c, y, and 
Z coils as its windings. These 2L, and z coils are housed in 
a cylindrical bobbin. This substantially cylindrical gradient 
field coil 602 is supported on a heavy, concrete gantry base 
625 installed on the floor. Tbe gradient field coil 602 .is 

55 boused in a sealed vessel 633. The sealed vessel 633 
includes a liner 631 having a substantially cylindrical shape, 
a vacuum cover 532 having a substantially annular, plate- 
like shape, and a back casing 634 having a substantially 
cylindrical shape. A cryostat 616 for setting a static field 

60 magnet (superconductive coil in this case) in a cryogenic 
environment is placed outside the back casing 634 of the 
sealed vessel 633. An RF coil 635 is mounted on the inner 
surface of the liner 631. A high-frequency magnetic field is. 
applied to an object via tbe RF coil 635, and an MR signal 

65 is received from the object. 

It is an important point of this emt>odiment that the scaled 
vessel 633 housing the gradient field coil 602 does iiot use 
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ihe inner wall of the cryostai 616. In other words, the sealed 
vessel 633 and cryostat 616 are fonned as completely 
discrete conoponents. If the inner wall of the cryostat 616 is 
used for the sealed vessel 633 housing the gradient field coil 
602, vacuum leakage tends to occur at the jointportion due 
to poor surface precision, dimensional errors, and the like of 
the cryostat 616. In this embodiment, however, the cryostat 
616 is not joined to the sealed vessel 633. That is, the sealed 
vessel 633 is manufactured singly. Therefore, high airtight- 
ness can be attained regardless of poor surface precision, 
dimensional errors, and the like of the cryostat 616. 
(13lh Embodiment) 

The 13ih embodiment is configured to prevent type B 
waves and induced electrons from being produced when 
metal parts in the gantry rub against each other, and can be 
applied to fastening of all metal parts constituting the gantry 
of a magnetic resonance apparatus which physically vibrates 
or in which vibrations propagate. 

The gantry is comprised of many metal parts, which are 
fastened to each other by mainly using metal screws. If, for 
example, as shown in FIG. 48A, when a copper tuner plate 
724 is to be mounted on a metal gantry frame 724, a metal 
screw 723 and metal insert 722 are generally used in the 
prior art. Many capacitors are arranged in the gantry. When 
these capacitors are to be mounted on a tuner plate and the 
connector of an RF coil tuner is to be fastened to the tuner 
plate, many metal screws are used. As described above, in 
the gantry, when parts are to be fixed, metal screws are used 
at most portions. As shown in FIG. 48B, when these metal 
screws rub against the metal parts or metal parts rub against 
each other due to the above intense vibrations, so-called type 
B waves are produced. Such type B waves arc picked up by 
the RF coil, and image artifacts may be produced. This has 
hardly posed a problem until recently. Recently, however, as 
higher voltages have been used to attain increases in the 
speed and strength of a gradient field, type B waves tend to 
increase in intensity. At present, image artifacts due to 
increased type B wave noise have become too laige to be 
neglected. In addition to type B waves, electrons induced by 
contact between, for example, a connector and a tuner plate 
and vibrations directly enter a signal line to produce image 
artifacts, posing a problem. 

It is an object of this embodiment to prevent the occur- 
rence of type B waves and inducted electrons that cause 
noise. 

As is known, a gantry is a magnetic apparatus mainly 
constituted by a static field magnet, gradient field coil, and 
RF coil, and includes many metal parts. These metal parts 
are mounted on many portions. These mounting portions can 
be roughly classified into two types. As shown in FIGS. 49 
and 50, mounting portions of one type arc portions where 
parts are physically fixed and must be electrically connected 
to each other, represented by a portion where copper plates 
constituting an RF coil are attached to each other, a portion 
where the RF coil copper plates 709 and 710 and a capacitor 
711 are attached to each other, a portion where the RF coil 
copper plate 710 and a lead copper plate 703 are attached to 
each other, a portion where the lead copper plate 703 and an 
RF coil tuner copper plate 704 are attached to each other, a 
portion where the RF coil tuner copper plate 704 and a 
connector 706 are atuched to each other, and a portion 
where the RF coil tuner copper plate 704 and a capacitor 715 
are attached to each other. Mount portions of the other lype 
are portions where it is a main object to physically fix parts 
to each other, but they need not be electrically connected to 
each other. 

It is most preferable that parts be mounted on the former 
portions by using solder 705. In this case, since no parts rub 
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against to each other, neither type B wave nor induced 
electrons are produced. However, solder cannot be used at 
scMne portions because of weak fastening force. Screws are 
used on such portions. - 

s FIG. 51 ^ows an example of how metal parts 731 and 
732 are attached to each other by using a resin screw 733. 
In the prior art, since a metal screw is used, and the metal 
screw rubs against the metal parts 731 and 732, type B 
waves and induced electrons are inevitably produced. In this 

10 embodiment, however, the resin screw 733 is used, and 
hence generation of such waves and electrons can be pre- 
vented. 

FIG. 52 shows another example of how the metal parts 

731 and 732 are attached to each other by tising a metal * 
IS screw 734. A substantially cylindrical resin spacer 735 is 

used to prevent direct contact between Ihe metal screw 734 
and metal part 731. In addition, a resin tap 736 is used to 
prevent contact between the metal screw 734 and the metal 
part 732. In this case, although the metal screw 734 is used, 
20 type B waves and induced electrons can be prevented' by * 
insulating the metal screw 734 from the metal parts 731 and 

732 with the resin members 735 and 736. 

Obviously, either of the methods shown in FIGS. 51 and 
52 or a combination thereof can be used. It is expected that 
25 type B waves and inducted electrons will be suppressed by 
applying the moimting methods shown in FIGS. 51 and 52 
to some portions in the gantry instead of all the correspond- 
ing portions. 

At the portions of the latter type, i.e., the portions where 
30 it is the main object to physically fix parts to each other, but 
there is no need to electrically connected them, metal parts 
737 and 738 are atuched to each other with the resin screw 

733 as shown in, for example, FIG. 53. In this case, inserting 
an insulating sheet 739 between the metal parts 737 and 738 

35 can prevent type B waves and inductied electrons generated 
due to friction between the metal parts 737 and 738 as well 
as type B waves and inducted electrons generated due to 
friction between the metal screw and the metal parts as.in the 
prior art. 

40 FIG. 54 shows a case wherein the metal parts 737 and 738 
are attadied to each other by using the metal screw 734. A 
substantially cylindrical resin ^acer 740 is used to prevent 
contact between the metal screw 734 and the metal part 738. 
In addition, a resin tap 741 is used to prevent contact 

45 between the metal screw 734 and the metal part 738. In this 
case, although the metal screw 734 is used, the type B waves 
and inducted electrons can be prevented by insulating the 
metal screw 734 from the metal parts 737 and 738 with the 
resin members 740 and 741, 

50 Obviously, either of the methods shown in FIGS. 53 and 
54 or a combination thereof can be used. It is expected that 
the type B waves and inducted electrons will be suppressed 
by applying the mounting methods shown in FIGS. 53 and 
54 to some portions in the gantry instead of all the corre- 

55 Spending portions. 

In addition, the type B waves and inducted electrons • 
generated due to friction between metal screws' and metal 
parts as in the prior art can be prevented by applying the . 
mounting method shown in FIG. 53 or 54 to portions where 

60 metal parts are attached to resin parts such as a coil bobbin 
as well as portions where metal parts are attached to each 
other. 

(14th Embodiment) ....... 

The 14th embodiment is related to an improvement in an 
65 RF shield placed around an RF coil. The RF shield is 
typically formed by a copper cylinder to magnetically isolate 
the RF coil from the outside and shield the RF coil against 
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external electromagnetic noise. An eddy current is produced 
in this copper cylinder due to bigb-^eed switching of a 
gradient field, distorting the gradient field. To decrease the 
time constant of this eddy current, many slits are formed in 
the copper cylinder. 

In addition, capacitors are connected between copper 
plates across the slits to transmit a magnetic field having a 
relatively low frequency (up to about 1(K) kHz), e.g., a 
gradient field, and block a magnetic field having a high 
frequency of several MHz to several ten MHz, e.g., excita- 
tion pulses, i.e., increase a low-frequency impedance and 
decrease a high-frequency impedance. As another conven- 
tional RF shield, an RF shield having capacitances formed 
on its upper and lower surfaces is also available, which is 
formed by sticking a plurality of copper plates on the upper 
and lower surfaces of a dielectric substrate with gaps (slits). 

A high-speed imaging method such as echo planar imag- 
ing (EPI) is required to image, for example, the heart. A very 
high response speed of a gradient field is indispensable for 
this operation. For this reason, many slits must be formed in 
very small increments (at very small intervals). If, however, 
many slits are formed, the capacitance decreases with a 
reduction in the area of each copper plate. This makes 
high-frequency short circuits in the respective slits imper- 
fect. As a consequence, the shield function is made imper- 
fect. 

This embodiment is configured to achieve both an 
increase in the nimiber of slits and prevention of a decrease 
in capacitance. 

FIG. 55 is a partial perspective view of an RF shield 
according to this embodiment. A plurality of copper plates 
802 art stuck on the upper surface of a dielectric substrate 
801 with predetermined gaps (slits) 805. Likewise, a plu- 
rality of copper plates 803 are formed pn the lower surface 
of the dielectric substrate 801 with predetermined gaps 
(slits) 806. A capacitance is formed between the copper 
plates 802 and 803 opposing through the dielectric substrate 
801. 

In addition, capacitors 804 are formed between the adja- 
cent copper plates 802 on the upper surface of the dielectric 
substrate 801. Likewise, capacitors 805 are formed between 
the adjacent copper plates 803 on the lower surface of the 
dielectric substrate 801. ' 

In this arrangement, the total capacitance of the capacitors 
804 on the upper surface, the capacitois 805 on the lower 
surface, and the capacitance between the copper plates 802 
on the upper surface and the copper plates 803 on the lower 
surface is ensured as a capacitance large enough to make 
high-frequency short circuits perfect. 
(15th Embodiment) 

FIG. 56 is a longitudinal sectional view of the gantry of 
a magnetic resonance imaging apparatus according to the 
15th embodiment. A gradient field coil 902 includes 2« and 
2 coils as its windings. These 2^ ^ and 2 coils are housed in 
a cylindrical bobbin. This substantially cylindrical gradient 
field coil 902 is supported on a heavy, concrete gantry base 
925 installed on the floor. The gradient field coil 902 is 
housed in a sealed vessel 933. The sealed vessel 933 
includes a liner 931 having a substantially cylindrical shape 
and forming the inner wall of the vessel and a vacuum cover 
932. The back surface of the sealed vessel 933 is closed with 
an inner wall 917 of a cryostat 916 for setting a static field 
magnet (superconductive coil in this case) in a cryogenic 
environment. A side wall 91 8 of the cryostat 91 6 is joined to 
the vacuum cover 932 with a joint plate 935. The sealed 
vessel 933 is joined to the gantry base 925 with a vacuum 
bellows 934 to keep the sealed vessel 933 airtight. 
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An RF coil 903 is placed on the inner surface of the liner 
931. A transmitter and receiver are connected to the RF coil 
903. The transmitter supplies a high-frequency current pulse 
corresponding to a Larmor frequency to the RF coil 903 to 
5 excite nuclear magnetization in the object with a high- 
frequency magnetic field. The transmitter is typically com- 
prised of an oscillating section, phase selecting section, 
frequency converting section, amplitude modulating section, 
and high-frequency power amplifying section. The receiver 
10 is comprised of a preamplifying section, intermediate fre- 
quency converting section, phase detecting section, low- 
frequency amplifying section, low -pass filter, and A/D con- 
verter to receive an MR signal from the object via the RF 
coil 903. 

IS The transmitter and receiver are boused in an RF unit 940. 
The RF unit 940 is installed in a place near the RF coil 903 
to achieve reduction in power loss and noise by shortening 
the cable required. In the prior art, as indicated by the dotted 
fine in FIG. 41, the RF unit is mounted on the vacuum cover 
20 932 near an edge portion of an opening portion 941. In this 
place, however, the leakage magnetic field from the gradient 
field coil 902 exhibits the highest strength. The RF unit 940 
includes many conductive parts, and eddy currents are 
produced in these conductive parts due to the leakage 
25 magnetic field from the gradient field coil 902. As a 
consequence, the conductive parts vibrate due to the Lorents 
force. The vibrations propagate to the sealed vessel 933 to 
cause noise. 

It is an object of this embodiment to reduce noise origi- 
30 nating from the RF unit 940. 

The RF unit 940 is not mounted on the vacuum cover 932 
near' the edge portion of the opening portion 941 but is 
installed in a place physically spaced apart from the sealed 
vessel 933, i.e., a place located outside the RF coil 903 at a 
35 position near a position directly below the opening portion 
941 in the radial direction of the cylindrical gantry with 
reference to the central axis (Z-axis). More specifically, the 
RF unit 940 is installed on the heavy, concrete gantry base 
925 or another dedicated base. 
40 In this installation place, the RF unit 940 is affected less 
by the leakage magnetic field from the RF coil 903 than in. 
the conventional installation place. For this reason, the 
vibrations of the conductive parts in the RF unit 940 are 
reduced. In addition, since the RF coil 903 is physically 
45 spaced apart from the sealed vessel 933 and is mounted on 
the heavy, concrete gantry base 925, fine vibrations of the 
RF coil 903 hardly propagate, lo the scaled vessel 933. 

Noise originating from the RF unit 940 can therefore be 
reduced. 
50 (16th Embodiment) 

As described above, the gradient field is housed in the 
sealed vessel which is evacuated by the vacuum pump to 
prevent noise. As the degree of vacuum (pressure) in a 
sealed vessel increases (decreases), the noise insulau'ng 
55 effect increases. To increase the degree of vacuum in the 
sealed vessel, the vacuum pump is continuously operated 
during scanniog operation in the prior art. This continuous 
operation shortens the service life of the vacuum pump. If 
the vacuum pump with decreased capability is used, the 
60 degree of vacuum in the sealed vessel cannot be increased, 
resulting in a deterioration iii iioisc insulating .effect. 

This embodiment is configured to keep a noise insulating- 
efiea as long as possible by reducing the load on the vacuum 
pump. 

65 FIG. 57 shows a vacuum pump and piping system accord- 
ing to this embodiment. A sealed vessel 1001 is connected 
to a vacuum pump 1002 via a main tube 1003. A solenoid 
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valve 1004 is placed midway along the main tube 1003. A 
branch tube 1005 is coupled to the main tube 1003. The 
distal end of the branch tube 1005 is open to the atmosphere 
via a soleooid valve 1006. 

The vacuum pump 1002 is driven and the solenoid valves 
1004 and 1006 are opeoed/dosed under the control of a 
pumpAralve control section 1020. The vacuum pump 1002 is 
alternately driven (ON) and stopped (OFF) under the control 
of the pumpA^alve control section 1020, as shown in FIG. 
58. The duration of an ON period Tl and the duration of an 
OFF period T2 are set in advance such that the pressure in 
the sealed vessel 1001 does not exceed a predetermined 
upper limit. The duration of the ON period Tl and the 
duration of the OFF period T2 can be arbitrarily adjusted. 

Intermittently driving the vacuum pump 1002 in this 



embodiment. A gantry 1101 incorporates a static field mag> 
net 1102 for generating a static field HO, a gradient field coil 
1103 for receiving a current from a gradient field power 
supply (G-amp) 1105^ an RF coil 1104, and a plurality of 
5 shim coils 1116 which receive currents from a shim coil 
power supply (Shim-amp) 1107 and generate magnetic fields 
for correcting static field inbomogeneity. 

To achieve noise insulation, the gradient field coil 1103 is 
housed in a sealed vessel 1115 in which a vacuum or similar 
10 state is maintained by a vacuum pump Ull. A plurality of 
vacuum sensors (vacuum gages)- 1112 are discretely 
arranged in the sealed vessel 1115 to measure an internal 
pressure. The data representing the degree of vacuum mea- 
sured by the vacuum sensor 1112 is stored in a storage 



manner, instead of continuously driving it, can reduce the ^5 section 1113. Driving state data from the vacuum pump 1111 



frequency of maintenance for oil, an oil fiher, and the like as 
compared with a case wherein the vacuum pump 1002 is 
continuously driven. 

As shown in FIG. 59, the opening/closing of the solenoid 
valves 1004 and 1006 is interlocked with the intermittent 
driving of the vacuum pump 1002 by the pumpAralve control 
section 1020. 

First of all, the solenoid valve 1006 of the branch tube 
1005 is opened/closed in synchronism with the intermittent 



is stored in the storage section 1113, together with this 
degree-of-vacuum data. The driving state data indicates the 
driving time of the vacuum pump Ull. 

A maintenance information generating section 1114 gen- 
20 erates maintenance information of the sealed vessel 1115 
and vacuum pump 1111 on the basis of the degree-of- 
vacuum data and driving state data stored in the storage 
section 1113, as needed. The maintenance information gen- 
erating section 1114 generates maintenance information that 



driving of the vacuum pump 1002. That is, the solenoid 25 prompts maintenance of the vacuum pump Ull and sealed 
valve 1006 is closed in synchronism with switching of the vessel 1115 when it is determined from the degree-of- 
vacuum pump 1002 firom the OFF state to the ON state, and vacuum data that the degree of vacuum (pressure) in the 
vice versa. sealed vessel 1115 does not decrease below a predetermined 
To reduce the load on the vacuum pump 1002; the pressure corresponding to, for example, a noise level of 99 
solenoid valve 1004 of the main tube 1003 is opened with a 30 dB in the imaging area. The maintenance information, gen- 
delay of a time T3 with respect to the switching timing of the erating section 1114 also generates maintenance information 
vacuum pump 1002 at which it is switched from the OFF that prompts maintenance of the vacuum pump 1111. when 
stale to the ON state, and is closed a time T4 earlier than the the cumulative driving time calculated from the driving state 
switching timing of the vacuum pump 1002 at which it is data exceeds a predetermined value. Each maintenance 
switched from the ON state to the OFF state. These time 35 information is, for example, a message that prompts main- 
differences T3 and T4 are set to arbitrary times from several tenance of the sealed vessel 1115 or vacuum pump 1111 , and 
sec to several mio. is displayed on a display 1110. 

Since the solenoid valve 1004 is opened with the delay of A receiver 1108 acquires an MR signal (high-frequency 

the time T3 from the OFF-to-ON switching timing of the signal) via the RF coil 1104, performs pre-processes such as 

vacuum pump 1002, lubrication in the vacuum pump 1002 40 detection and A/D conversion for the signal, and outputs the 



can be completed in a relatively short period of time 
(pre-vacuum period), i.e., the time T3, after the vacuum 
pump 1002 is started. This is because the object to be 
evacuated is a small-volume portion extending from the inlet 
of the pump to the solenoid valve 1004. When the lime T3 4S 
has elapsed after the start of the pump, the solenoid valve 
1004 of the main tube 1003 is opened to start evacuating 
operation (main vacuum) for a target having a large total 
volume of the volume of the portion extending from the 



resultant signal to a processor 1109. The processor 1109 
processes the acquired MR data to generate an image and 
spectrum. The image and spectrum arc sent to the display 
1110 to be displayed. 

The processor 1109 has the function of correcting the 
phase of the MR data acquired by the receiver U08 and 
performing frequency shift on the basis of degree-of- 
vacuum data as well as the main function of generating 
images and spectra. As the degree of vacuum varies, the 



solenoid valve 1004 to the sealed vessel 1001 and the 50 strength HO of the static field varies. As the strength HO of 

the static field varies, for example, a resonance frequency fO . 
of a proton varies in the static field on which no gradient 
field is superimposed. The processor 1109 holds data rep- 
resenting the relationship between the degree of vacuum 
55 measured in advance and the resonance frequency fl), and 
specifies the resonance frequency (corrected resonance 
frequency) fO corresponding to the degree-of-vacuum data 
by referring to the relationship data. In MRS (MR 
spectroscopy), the phase of the MR data acquired by the 
is closed. This indicates that the sealed vessel. 1001 is 60 receiver 1108 is corrected and firequency shift is performed 



volume of the sealed vessel 1001. At this time, lubrication in 
the vacuum pump 1002 has already been completed, and 
hence the operation can smoothly shift to the main vacuum 
operation. The load on the vacuum pump 1002 can therefore 
be reduced. ' 

When a predetermined time (Tl to T4) has elapsed after 
the vacuum pump 1002 is started, i.e., at a timing the time 
T4 earlier than the timing at which the vacuum pump 1002 
is turned off, the solenoid valve 1004 of the main tube 1003 



isolated from the vacuum pump 1002 when the pressure in 
the sealed vessel 1001 sufBciently decreases. This makes it 
possible to prevent an abrupt increase in the pressure in the 
sealed vessel 1001 upon stopping of the vacuum pump 1002. 
(17th Embodiment) 

FIG- 60 shows the arrangemcni of the main part of a 
magnetic resonance imaging apparatus according to the 17th 



on the basis of this corrected resonance- frequeiKy fO. The 
processor 1109 then generates a spectruro on the basis of this 
corrected data. In practice, data is repeatedly acquired, and* 
phase correction and frequency shift arc performed for each 
65 data . to generates a plurality of spectra. These spectra are 
then added together. In EPl (Echo Planar Imaging), an EPI 
image is generated on the basis of acquired data, and the EPI 
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image is shifted in the phase encoding direction (the shifting 
of the EP] image largely generates in the phase-encoding 
direction, and generates in the read*out direction in a small). 
In practice, data is repeatedly acquired, and an EPI image is 
generated for each data. Each image is then shifted io the 5 
phase encoding direction, and the resultant EPI images are 
added/subtracted. In the case of a phase image as well, a 
phase shift amount is calculated on the basis of the corrected 
resonance frequency fO, and the phase image is corrected on 
the basis of the phase shift amount. 

As described above, according to this embodimenl, main- 
lenance information can be generated, as needed. In 
addition, phase and frequency correction can be made in 
accordance with variations in degree of vacuum. 
(18th Embodiment) 

FIG. 61 shows the arrangement of the main part of a 
magnetic resonance imaging apparatus according to the 18th 
embodiment. A gantry 1201 incorporates a static field mag- 
net 1202 for generating a static field HO, a gradient field coil 
1203 for receiving a current from a gradient field power 
supply (G-amp) 1205, an RF coil 1204 connected to a 20 
transmiiier/receiver (RF-amp) 1208, and a plurality of shim 
coils 1216 which receive currents from a shim coil power 
supply (Shim-amp) 1207 and generate magnetic fields for 
correcting static field inbomogeneity. 

To achieve noise insulation, the gradient field coil 1203 is 25 
housed in a sealed vessel 1215 in which a vacuum or similar 
stale is maintained by a vacuum pump 1211. A plurality of 
vacuum sensors (vacuum gages) 1212 are discretely 
arranged in the sealed vessel 1215 to measure an internal 
pressure. On the basis of the degree-of -vacuum data mea- 
sured by the vacuum sensor 1212, a real-time manager 1210 
outputs an instruction, e.g., an instruction to wait for the 
execution of a pulse sequence to a sequence controller 1209 
for controlling the gradient field power supply 1205, .. . 
transmitter/receiver 1208, and shim coil power supply 1207 
in accordance with the pulse sequence. The real-time man- 
ager 1210 also controls the operation of the vacuum pump 
1211 on the basis of the measured degree-of-vacuum data. 
Note that a system, manager 1213 is used to control the 
overall system in accordance with an instruction input by an ^ 
operator through a console 1214. 

Real-time control of the real-time manager 1210 will be 
described first. The real-time manager 1210 executes the 
following functions. 

(1) The vacuum pump 1211 is started before scanning 
ojperation. The real-time manager 1210 does not output 
a scan start command to the sequence controller 1209 
until the degree of vacuum in the sealed vessel 1215 
(pressure in the scaled vessel) decreases below a pre- 
determined value. That is, the real-lime manager 1210 
outputs a scan start command to the sequence controller 
1209 only when the degree of vacuum exceeds the 
predetermined value. 

(2) la executing a pulse sequence sensitive to magnetic 
field variations, e.g., MRS or EPI, the real-time man- 55 
ager 1210 continuously drives the vacuum pump 1211 
during scanning operation. 

(3) When the degree of vacuum exceeds the predeter- 
mined value during scanning operation, the real-time 
manager 1210 outputs a command to stop the scanning 60 
operation to the sequence controller 1209^ 

(4) When the degree of vacuum decreases below the 
predetermined value, the real-lime manager 1210 
drives the vacuum pump 1211 before scanning 
operation, and does not output a scan start command to 65 
the sequence controller 1209 until the degree of 
vacuum reaches a -predetermined value. 



(5) The real-time manager 1210 selectively uses a driving 
pattern for the vacuum pump 1211 in accordance with 
imaging conditions (e.g., the type of pulse sequence, an 
average number, and dynamic imaging). In executing, 
for example,.a pulse sequence in the spin echo method 
or the like, which is not very sensitive to magnetic field 
variations, the real-time manager 1210 intermittently 
drives the vacuimi pump 1211, as shown in FIG. 62A. 
For example, the real-time manager 1210 drives the 
vacuum pump 1211 for a period ATI, and stops it for 
a period Ml. The vacuum pump 1211 is alternately 
driven/stopped repeatedly in this manner. In executing 
a pulse sequence which is relatively sensitive to mag- 
netic field variations, as shown in BG. 62B, the real- 
time manager 1210 sets a driving period AT2 and ^op 
period At2 of the pump 1211 to be shorter than ATI and 

' Atl, thus reducing the width of magnetic field varia- 
tions. In executing a pulse sequence which is very 
sensitive to magnetic field variations, e.g., MRS or EPI, 
the real-time manager 1210 continuously drives the 
vacuum pump 1211 as shown in FIG. 62 C in the same 
manner as in (2). In addition, in executing a pulse 
sequence which is very sensitive to magnetic field 
variations, e.g., MRS or EPI, the real-time manager 

1210 may stop the pump 1211 and set the atmospheric 
pressure in the sealed vessel instead of continuously 
driving the pump 1211. In this case, although a noise 
reducing effect cannot be expected, at least magnetic 
field variations can be eliminated. To properly recon- 
struct images even at the atmospheric pressure, the- 
real-time manager 1210 holds image quality parameter 
(magnetic field inbomogeneity, center frequency, and 
phase shift) information corresponding to. the atmo- 
spheric pressure in advance, and the transmitter/ 
receiver 1208 adjusts the shim coil current, the center 
frequency and phase of a high-frequency current pulse 
in the transmitter/receiver 1208, and the reference 
frequency and phase of a reception system in accor- 
dance with these parameters. 

(6) The real-time manager 1210 drives/stops the pump. 

1211 in accordance with the comparison result between 
the measured degree of vacuum and the predetermined 

. value.. More specifically, when the measured degree of 
vacuum exceeds an upper limit, the real-time manager 
1210 drives the pump 1211. When the measured degree 
of vacuum is below a lower licpit, the real-time man- 
ager 1210 stops the pump 1211. This makes it possible 
to suppress variations in degree of vacuum between the 
upper limit value and the lower limit value. The upper 
and lower limit values can be changed in accordance 
with imaging conditions as in the case of (5). 

(7) If the degree of vacuum does not decrease below the 
predetermined value even after the pump 1211 is oon- 

. tinuously driven, a warning is generated by sound or 
image display. 

The real-time manager 1210 also has the function of 
performing the following corrections in accordance with the 
degree of vacuum. (1) Magnetic . field inbomogeneity ' 
changes depending on the Segree of vacuum . The relation- 
ship between the degree of vacuum and magnetic field 
inbomogeneity is measured and held in the real-time man-, 
ager 1210 in advance. The real-time manager 1210 specifies 
magnetic field inbomogeneity in accordance with the degree 
of vacuum by referring to this relationship, and adjusts the 
shim coil current to be supplied to the shim coil power 
supply 1207 in accordance with the specified magnetic field 
inbomogeneity. This makes it possible to quickly correct 
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magneiic field inbomogcneity. In practice, the relationship 
between the degree of vacuum and magnetic field inbomo- 
geneity is discretely measured, and magnetic field inhomo- 
gCQcity can be obtained by linear interpolation from the 
discrete value. (2) As the degree of vacuum varies, tbe 5 
strength of tbe static field varies. As a result, a resonance 
frequency BO of a protoa varies in the static field on which 
DO gradient field is superiinposed. Tbe real-time manager 
1210 adjusts the center frequency and phase of a high- 
frequency current pulse in the transmission system of the lo 
transmitter/receiver 1208 in accordance with' the resonance 
frequency BO corresponding to this degree of vacuum. In 
addition, tbe real-time manager 1210 adjusts the reference 
frequency and phase of the reception system. 

Additional advantages and modifications will readily 15 
occur to those skilled in the art. Therefore, the invention in 
its broader a^>ects is not limited to the specific details and 
representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 20 
concept as defined by the appended claims and their equiva- 
lents. 

What is claimed is: 

1. A magnetic resonance imaging apparatus comprising: 
a static magnetic field generator for generating a static ^ 

magnetic field in an imaging space; 
a gradient magnetic field generator for generating a gra- 
dient magnetic field in said imaging space, 
a partition wall for defining said imaging space, 
a seal forming a vacuum space around said gradient 
magnetic field generator in cooperation with said static 
magnetic field generator and said partition wall, 
' a first antivibration member interposed between said static 
magnetic field generator and said gradient magnetic 35 
field generator for suppressing propagation of vibra- 
tion; and 

a second antivibration member also providing sealing for 
holding a vacuum state in said vacuum space and 
located at at least one of regions including (a) that ^0 
between said static magnetic field generator and said 
seal, and (b) that between said seal and said partition 
wall, for suppressing propagation of vibration. 



2. A magiKtic resonance imaging aj^aratus according to 
claim 1, characterized in that said first antivibration mem- 
bers are discretely arranged below said gradient coils.' 

3. A magnetic resonance imaging apparatus according to 
claim 1, characterized in that said first antivibration mem- 
bers are arranged below said gradient coil on front and rear 
sides. 

4. A magnetic resonance imaging apparatus according to 
claim 1, characterized in that said sealed vessel includes a 
liner, an outer wall also serving as an inner waU of said static 
magnetic field magnet, and covers covering a gap between 
said liner and said outer wall. 

5. A magnetic resonance imaging apparams according to 
claim 4, characterized in that said second antivibration 
■member is placed between said liner and said cover. 

6. A magnetic resonaEice imaging apparatus according to 
claim 5, characterized in that second antivibration member 
has a substantially annular shape having a diameter sul^sun- 
tially equal to an inner diameter of said cover or said liner. 

7. A magnetic resonance imaging apparatus according to 
claim 1, characterized in that said second antivibration 
member has a substantially L-shaped cross-section. 

8. A magnetic resonance imaging apparatus according to ' 
claim 1, characterized in that said cover is jointed to said 
static magnetic field magnet .via third antivibration mem- 
bers. 

9. A magnetic resonance imaging apparatus according to 
claim 8, characterized in that said third antivibration mem- 
ber is made of a rubber^based material. 

10. A magnetic resonance imaging apparatus according to 
claim 1, characterized in that said cover is joined to said 
static magnetic field magnet with bolts, third antivibration 
members are inserted between said cover and said static 
magnetic field magnet, and fourth antivibration members are 
inserted between said cover and beads of the bolts. 

11. A magnetic resonance imaging apparatus according to 
claim 1, characterized in that said third and fourth antivi- • 
bration members are made of a rubber-based material. 

12. A magnetic resonance imaging apparatus according to 
claim 1, characterized in that said first and second antivi- 
bration members are made of a rubber-based material. . 



